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the ocutcome of eighteen months’ research 
and experiment, and every inch of welding 
has been X-raved. 


The 1,000-ton pressure vessel is now 
being completed—another important step 


towards creating nuclear power for the 
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F oR ATOMIC ) 
POWER STATIONS 










Within a few seconds of receiving the 
starting signal and without manual attendance, these 
Mirrlees oil-engine sets will carry full load, providing a reliable 
auxiliary and standby supply for atomic power stations and 
other installations where it is essential to forestall breakdowns 
and serious loss due to cessation of mains power supply. 
The Mirrlees J and JV Types of engine cover a 


° comprehensive series including 3, 4, 5, 6 and 8-cylinder in-line 
engines and 12 and 16-cylinder vee-form engines. 
; All can be offered in naturally aspirated or turbocharged form, 


the latter with or without air aftercoolers. The power 
Sgt Sena the 008 SEN ES Saer-eyietes meee 
diesels - aspirated up t0 the 2272 BHP JVSSx6 
: _sieenylinder turbocharged engine with si aftercooler 


MIRRLEES, BICKERTON AND DAY LIMITED 


HAZEL GROVE ; STOCKPORT ' CHESHIRE 
A member of the BRUSH Group 
Stepping Hill 3841 


Telephone 14 limes) Telegrams : “‘Mirrlees Telex, Manchester” j€ it 











Electronic Rectifiers for industrial 


and laboratory use 


@ 500 W-75 kW 
@ Single anode mercury vapour bulbs 
@ No moving parts—minimum maintenance 


Leaflet PI 4474, giving details of standard 
range of Philips Electronic Rectifiers, 
gladly sent on request. 


Rectifiers can also be made to individual 
requirements, e.g. to fit in with site con- 
ditions. Our Engineer will visit your 
premises and advise without obligation 
on suitable equipment. 


75 kW rectifier with 
oil-cooled transformer 


As supplied to the United Kingdom ~ 
Atomic Energy Authority 


2 kW mercury 
vapour rectifier 


=! PHILIPS ELECTRICAL LTD 


& RESEARCH AND CONTROL INSTRUMENTS DIVISION 
Century House - Shaftesbury Avenue - London - W.C.2. (pnco261) 
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What a wonderful world! Yesterday’s miracle is 
today’s museum piece. But there is a pattern to F 
progress, and it is already clear that the chemists, 
7 engineers, metallurgists, physicists, technologists and 
craftsmen of The Morgan Crucible Company are 

going to provide important aid to industry in the 
electronic and nuclear age just dawning. 

For over 100 years now, Morgans have helped the 
industrial advance with products, components and parts. 
And the way things are shaping, Morgan’s 
contributions to the future are going to be more 

j important still. 





CARBON AND GRAPHITE — 
ELECTRICAL, CHEMICAL AND 


MECHANICAL; CRUCIBLES, 

M QO R @ A N FURNACES, REFRACTORIES: 
RADIO PARTS, SINTERED 

METAL PRODUCTS AND 


ELECTRIC FURNACE 
ELEMENTS. 





OPPORTUNITIES 7 Tnere are some vacancies now for engineers, physicists, chemists 
ne tec i * 


and metallurgists. Write to the Staff Manager for details- 


Heat 


THE MORGAN CRUCIBLE CO., LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.1I Telephone: BAT. 8822 
MCC 128/A 
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e 
specialists 















Specialists for 30 years in the manufacture of me- 
chanical materials handling aids for every industry, 
Paterson Hughes produce the finest complete schemes 
and equipment to suit any application. A satisfactory 
materials handling scheme, designed to fulfil specific 
requirements effects considerable economies of labour 
and space. For the major step to higher production, 


consult 


YATERSON HUGHE 


ENGINERFRING COMPANY LIMITED 


MECHANICAL HANDLING ‘& 
ENGINEERS AND CRANE MAKERS 





WYNDFORD WORKS - MARYHILL - GLASGOW - TEL MARYHILL 2172-4 

BEDFORD HOUSE - BEDFORD ST - LONDON + WC2 - TEL TEMPLE BAR 7274-6 

3 HIGHFIELD RD - EDGBASTON - BIRMINGHAM - TEL EOGBASTON 2957-8 

8 CHATHAM ST - PICCADILLY - MANCHESTER - TEL CENTRAL 6623 

PATERSON HUGHES ENGINEERING SA (PTY) LTD - PO BOX 811 JOHANNESBURG 


















P13 





a4 NUCLEAR POWER 





1957 | Nuc 


for DOUNREAY 


This 33 Ton Rotating Gantry 
Crane is now installed at the 
Charge Face in the Reactor Sphere. 

















It is 115 feet long and 50 feet 
high. It was delivered precisely 
on time. 
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J. H. CARRUTHERS & CO. LTD., 27 HAMILTON ST., GLASGOW, S.2. London Office: Abford House, Wilton Rd., Victoria, $.W.1! 
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Johnny 


is much too interested in jam to be concerned 







with the fact that a neutron source tube 

is an antimony rod surrounded by beryllium 
in an outer sheath of stainless steel. 
Maybe he never will know what it is, 
nevertheless it will be important 

to the world in which he is growing up. 





Neutron source tubes will start up two reactors 


at the Bradwell Nuclear Power Station. 

And the first commercial production of these 
components has been undertaken by Talbot Stead 
on behalf of the Nuclear Power Plant Co. Ltd. 
For many years Talbot Stead have specialised 

in tube production and manipulation; 

and they are well equipped to supply the tubes 
and tubular forms without which nuclear power 
stations are merely drawing board concepts. 
Already they have produced miles of tubing 

for this special purpose, 

and much more will flow from their mills 


in aid of this country’s great enterprise. 


Talbot Stead have been awarded contracts to supply the following 


reactor components -— 


BRADWELL NUCLEAR POWER STATION: 
C. A. Parsons & Co. Ltd: Short Charge Plugs; Absorber Rods; 
Fuel Element Support Assemblies; Control Rod Standpipe Plug 
dssemblies; Control Rods; Control Rod Standpipes; Charging 
Stand pipes ; Neutron Source Assemblies ; Control Rod Channel Gags 


A. Reyrolle & Co. Ltd: Burst Slug Detector Tubing. 
HUNTERSTON NUCLEAR POWER STATION: 


Che General Electric Co. Ltd: Control Rods; Charge/ Discharge 
Tubes; Distance Tubes. 


TALBOT STEAD TUBE CO. LTD - GREEN LANE - WALSALL =. 4@ company 2 
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Talbot Stead ruses ror 


MANUFACTURERS OF: CARBON, ALLOY AND STAINLESS STEEL TUBES 
MACHINED FLANGES AND COMPONENT PARTS ‘FORJEND’ FITTINGS CARBON, ALLOY AND 





NUCLEAR POWER DECEMBER 1957 





et 


o 
~ 
~ 
& 
& 
La 
& 
é 
& 





ATOMIC ENERGY 


BI-METAL TUBES + ‘METICA’ METAL CLAD CARBON AND GRAPHITE TUBES + ‘METIOR’ SANITARY PIPE FITTINGS 
STAINLESS WELDING 


STAINLESS DRAWN 


AND GROUND BARS AND WIRE 


TaWw/17 


AT 

















Reproduced by courtesy of C. A. Parsons & Co. Ltd. 


A typical example of an all-welded Outer Stator 
Casing, weighing 57 tons, manufactured 
in our works for a 120 MW Turbo-Generator 


For all types of Heavy Platework 
and Steel Fabrications... 





Wincomblee Road, Walker, Newcastle upon Tyne, 6 ° Telephone: Wallsend 64081-2-3 
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oe ¥ t h e To nuclear power generation Simon-Carves bring immense 


experie of major pla onstruction and civil engineeri 
ience of lant constructi nd civil engineering 


Atom 


and reinforced concrete design and construction, including nuclear reactor structures 


for the fuel, electricity and heavy chemical industries, 
including the building of orthodox steam power stations 
for more than thirty years. 


In the building of nuclear power stations 





Simon-Carves assume responsibility for all civil engineering 


and biological shielding, and for complete heat-exchange 
steam-generating plant and water treatment systems. 
Simon-Carves are conducting continuous research, both in their own laboratories at Cheadle Heath 
and jointly with The General Electric Company at Erith, 
on the improvement of steam conditions resulting from improved reactor outputs, 
on the use of pre-stressed concrete in reactor structures and elsewhere, 
and on the safe disposal of radio-active waste. 
This work is playing an important part in the development 


of future advanced designs and in the reduction of cost per kilowatt. 


Simon-Carves Ltd 


NUCLEAR POWER DIVISION / Cheadle Heath, Stockport 





IN ASSOCIATION WITH THE GENERAL ELECTRIC CO. LTD 
THE MOTHERWELL BRIDGE & ENGINEERING CO. LTD * JOHN MOWLEM &°CO. LTD 








$C177(a)/PS 
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Head of a 6ft. dia. Auto- 
clave, spun on the Harvey 







“Rotarpress” from a 
stainless steel disc 1¥ in. 
thick. 

Designed for a working 









pressure of 500 Ib./sq. in 


KEYNOTES OF 














FABRICATION 


G. A. HARVEY & CO. (LONDON) LTD., Woolwich Road, London, S.E.7. Telephone: GREenwich 3232 (22 lines) 


Alo 
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tailor-made to each job! = WhO MON) 


MULTIRAIL fabricated steel handrail standards 























have proved to be as rigid as the solid forged type, with fabricated 
the advantages of four ferrules enabling steel aelate| rail 
vacant ferrules to be used in fF 

carrying power lines, air (/ standards 


and gas pipes, etc. 

















“ SAFETREAD” FLOORING IS 


welded for 
extra strength 


Tailor-made and not just cut to 

fit, ‘Safetread’ flooring is no dearer 
to specify than ordinary steel flooring, 
but provides maximum strength with 
minimum of materials ; non-skid 
surface ; 82% light and air 
penetration ; a neat-fitt- 

ing, clean appearance. 


WAN a 
ANY 
AAA 4 

AN 


Write for detailed literature to 


7-GOE- et Kennedy & CO. LTD 


= AR IT 1. EF eee eee es STO C'K TOM-ON-TEES 
Tel: Stockton 67706 & 67716. Grams: Grating, Stockton-on-Tees. Also at 207 Victoria Street, London, S.W.| 
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PIPE INSTALLATIONS FOR 


3 
THE NUCLEAR ENGINEER 





Shaw-Petrie and Clyde 
Tube Forgings Limited, 
manufacture, fabricate, 
and erect, to the highest 
specification, complete 
range of pipe-work and 
Seamless Steel and Alloy 
Butt Welding Fittings. 


SHAW-PETRIE 


LIMITED 


NORTH HILLINGTON - GLASGOW SW2 - TELEPHONE HALFWAY 5551-6 























CLYDE TUBE 
FORGINGS LTD 

















LONDON OFFICE 157 VICTORIA ST. SW1 
TELEPHONE TATE GALLERY 9325-6 
AND AT SOUTH SHIELDS, LIVERPOOL 

AND BELFAST 
OVERSEAS 
CANADIAN CLYDE TUBE FORG 
P.O. BOX 278 WESTON ONTA 
New Zealand Barbados Mexico and 
East West British Guiana Venezuela 
Central and Jamaica Belgium Holland 
South Africa Trinidad Norway Sweden 
Australia htaly Spain and Finland 
CLYDE TUBE FORGINGS OF AMERICA 
PORTLAND OREGON U.S.A. 
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hundred milton cures in the Core... 





The great sphere containing the Dounreay in Operation there is persistent heat. 
‘fast breeder’ reactor is 20 times as big as any To ensure the greatest possible safety, every 
similar construction in Great Britain. It is, in inch of welding in the sphere shell and in the 
effect, a giant pressure vessel built to withstand cooling system was radiographically examined. The 
pressures up to 18 lb. per sq. in. sphere was then tested to 20 1b. per sq. in. pressure 
The cooling system is vitally important. Under and 4 lb. per sq. in. vacuum. 
charge, the core contains a hundred million The Motherwell Bridge and Engineering 
curies, and an escape of more than a very small Company, responsible for the welding of the great 
percentage of this would create a hazard over a sphere and the cooling system, chose ‘Industrex’ 
very wide area. Even when the reactor is not X-ray film to provide evidence of faultless welding. 


INDUSTRIAL X-RAY FILMS 


first choice of inspection engineers—everywhere 





Send for 

*%  a70-page catalogue giving details of the latest radio- 
graphic materials and equipment. 

% a 24-page booklet, “Photography at Work’’, giving 

Kodak Limited, Industrial Sales Division, practical examples of the use of photography in industry. 


Kodak House, Kingsway, % Information on any specific technique employed in 
London, W.C.2 industrial radiography or photography. 








‘Kodak’ is a registered trade-mark 
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Corner of shield built from bricks of the 
4” chevron type range showing window apertures 
and spherical seatings for remote handling gear. 






Wall composed of 4” 
standard chevron type bricks 


LEAD SHIELDING 


Export enquiries to: THE ASSOCIATED LEAD MANUFACTURERS EXPORT CO. 


Al4 


Some of the lead bricks we supplied to the 
United Kingdom Atomic Energy Authority 
are shown in these photographs. The people 
to consult about the production of special 


shapes for shielding are Associated Lead. 





ASSOCIATED LEAD 


arcs 
sill 


MANUFACTURERS LIMITED 


IBEX HOUSE, MINORIES, LONDON, E.C.3. 
CRESCENT HOUSE, NEWCASTLE 
LEAD WORKS LANE, CHESTER 


LTD., IBEX HOUSE, MINORIES. LONDON, E.C.3 
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equipment 
for nuclear engineering 





Stainless Steel FLEXIBLE PIPE ASSEMBLIES 
For conveying gases and corrosive fluids at extremes of 
high and low temperature. Available up to 4 in. diameter. 


BELLOWS and BELLOWS ASSEMBLIES 


For use in gas and fluid ducting 
systems for control of expansion 
or contraction, and to allow for 
misalignment and duct movement. 
Other applications include shaft 
seals and glands. Available in 
stainless steel and other metals. 


High Pressure 

SWIVEL PIPE COUPLINGS 
and Flexible Tubes for hydraulic 
circuits operating at pressures 
up to 4000 p.s.i. 


ELECTRICAL CONDUIT 


and Wiring Assemblies and Support Clips. 


TECHNICAL DATA IS AVAILABLE ON REQUEST 
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New industries draw on the experience of older indus- 
tries—and Nuclear Engineering is no exception. 

At AVICA we find our specialized knowledge of flexible 
pipe and coupling design as applicable to the Nuclear 
field as it has been for so long to older branches of 
engineering. For reliability and accuracy with AVICA 
have always been regarded as prime qualities. 

As a result, AVICA equipment is available for use in 
Nuclear Engineering with the same high standards of 
design and quality which apply in aircraft, marine and 
other specialized branches of industry. As in every 
other field of engineering, the maxim is consult AVICA 
if you have a flexible pipe assembly problem. 

AVICA PRODUCTS are used by the U.K.A.E.A. and 
throughout the Nuclear Engineering field. 


AVIGA EQUIPMENT LIMITED 


Mark Road, Hemel Hempstead, Herts.Tel: BOXmoor 4711 (6 lines) 


Als 








Kleen 


CONCRETE CURING 





( 


Approved and supplied to 


Bradwell and Berkeley 


Nuclear Power Stations 





STUART B. DICKENS. LIMITED 
Manor Way, Boreham Wood, Herts. 


Telephone: Elstree«22II 


African Office :— P.O. Box 


Cnr. Pritchard and Sauer Streets. 





2444. Johannesburg. Elizabeth House, 


Telephone: Johannesburg 34 - 433. 
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BI Cattle alll 


om FLO controls 


» 


for positive and precise regulation 





of fluid or gas flow 





STRAINER 





for a clean unrestricted fluid 
or gas flow The “Straitflo” is a straight line strainer installed 


in the supply having the entire strainer area within the flow-way itself. It has a 
large screening area in relation to supply line size with union connections that 
make it simple both to install and to service. The “Straitflo” eliminates 
unnecessary friction loss and turbulence, assures positive reliable protection 
and is manufactured from non-corrosive bronze couplings and copper tube, with 
*““MONEL”™ metal strainer and durable gaskets. It is also available in stainless 
steel throughout and fitted with Butyl rubber seals. 

The “*Straitflo” is one of seven Birflo controls, each one designed to 
overcome a particular flow problem. 


Fully informative leaflets on all the Birflo Controls 
are available on request 


abil. 


product of BIRFIELD Wess) GROUP experience and 


Enquiries to: BIRFIELD INDUSTRIES LIMITED - STRATFORD HOUSE 
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Made under licence from the 
Hays Manufacturing Co., 








MULTI 
CONSTAFLO 
A true, accurate 
means of 
discharging a 
specific 

flow rate 


CONSTAFLO 
A flow volume 
control to 
deliver one set 
flow, regardless 
of variable 

inlet pressures 


TRUFLO 

A control to 
protect 
equipment when 
flow is below a 
desired 
minimum ; or 
above a desired 
maximum 





FLOMAX 

An electrically 
operated valve 
for controlling 
On and Off flow 
of liquids 


FLOMITE 

A direct action 
solenoid for 
small flow 
volume control 





FLOMETRIC 
An electrically 
operated valve, 
with flow 

volume control 


Twelfth and Liberty Street, Erie 6, P.A. 


resources 


LONDON : W.1 
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Instrumentation... 


WHERE EVERY NUCLEONIC PROJECT STARTS 


FAST NEUTRON MONITOR fype 1407 


A self-contained general purpose Fast Neutron Monitor, 
designed in conjunction with A.E.R.E., Harwell. 


Meter calibrated 0-4 counts per second 

Measurements up to 400 counts per second in 3 decades 
Incorporates proton recoil proportional counter 
Powered by seven 1.3 volt “‘Kalium” mercury cells 
Fully sealed for operation in unprotected positions 


Easily decontaminated and readily transportable 


vvvvvv 


For further particulars, contact 


NUCLEONICS DIVISION 


RADIATION MONITOR type an. 110 


Designed primarily for measurement of 
radiation from contaminated apparatus 
or surfaces, and personnel monitoring 
using Alpha and Beta/Gamma Probes. 

+ Count rates up to 5000 per second in 
four ranges using meter indication 
Resettable register for low count rates 

Incorporates stabilised E.H.T. supply 
for probes 
. Large Area Alpha Probe has effective 


area of approximately 16 square inches 


BURNDEPT 
Re 


BURNDEPT 
LIMITED 


ERITH KENT 


manufacturers of Head Amplifiers 
















“ Easily decontaminated and readily Ratemeters « Radiation Monitors + Neutron Monitors 


transportable. 





SCINTILLATORS PLANCHETS, ABSORBERS 
ermine AND SAMPLE CARRIERS 























The range now includes: 


Sodium lodide Crystals 

“Pamelon” plastic scintillator 

Zinc Sulphide Powder and Screens 
Zinc Sulphide and Boron scintillators 
as fast and slow neutron detectors. 

For use with all standard British photomultipliers. 


Planchets and absorbers are important 
accessories for accurate radio-active 
measurement. Planchets available 

in aluminium. Lead and aluminium 
absorbers supplied in boxed sets. 








Details from: ME Dee Oo) te A eae TS eee ae 





Telephone: WOOLHAMPTON 451 /3 Telephone: METROPOLITAN 9641! 





BEENHAM GRANGE, ALDERMASTON WHARF, nr. READING, BERKS. | | London Office: 120 MOORGATE, LONDON, E.C.2. 
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MOVEMENT Of pipe work under modern high- 
pressure and high-temperature conditions 
is absorbed efficiently by Teddington 
Bellows Expansion Joints. Normal 
production ranges from 1 inch to 
7 feet diameters and larger 





ee 44 





sizes can be made. 


sMcreKobbetoureyel 


Bellows 
EXPANSION 
JOINTS 


a 


 —— 


Teddington Bellows are of highest quality 
stainless steel, flawlessly butt-welded to 
ensure perfect uniformity of wall for 
maximum durability. 
Let’s get together and solve your 
own particular expansion problems. 





Send for our descriptive brochure R.95 





IE ds TEDDINGTON BELLOWS 


TEDDINGTON AIRCRAFT CONTROLS LTD... INDUSTRIAL BELLOWS DIVISION, AMMANFORD, CARMARTHENSHIRE TELEPHONE: AMMANFORD 455 
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a part to play 


“O! for a muse of fire, that would ascend 
The highest beavens of invention.” 


jl” 


Z 


Thus Shakespeare wrote, but we feel that it is apt to use 
his lines in a different context. Since the advent of nuclear 
power, writers have rivalled each other in sounding the 
loudest paeans of praise for modern science. We, as engineers, 
are more reticent and prefer to say that atomic power is 
here to stay. Crossley Brothers are playing their part by 
supplying diesel power for vital services in the new atomic 
power stations for the United Kingdom Atomic Energy 
Authority at Calder Hall ‘‘A’’ and ‘‘B’’, Chapel Cross and 
Dounreay, and to other nuclear energy plants. 





| CROSSLEY « DIESEL ENGINES 











CROSSLEY BROTHERS LIMITED OPENSHAW - MANCHESTER 11 ey Sacto dhe Sache df 38 dB ito Sknstn ate 
C Jp nas) CO B\ISHY < oft y \ {\< 
oe a ee 
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Graphite moderators are of vital 
importance in thermal reactors and BJ-D 


Crushing Machines are just as important 


| en | 1 
in the production of graphite. (‘= iia 
* y |. e* Sha 
é u = “Ys 4 | ! 
British Jeffrey-Diamond Crushers are made ’ ‘ . Wee M. a 
in a wide range of sizes so that they can * ; a 
be economically employed in the primary, e — |. = 
secondary, or tertiary stages of reduction. a = ; “aif wh } 
_ ° ; * 
Specify BJ-D Crushers for ‘ | aes = : 
Cry lt 
AH ms 7 
Ub ~—— Lb 3 ' jar me ' 








the production of nuclear graphite. | m iil i ll : : | ba 
} | iy, Cl —_— -— . 
ste M 7 
7 7 "_ = i— ' ~ —_ 
‘ | 
' 
i ! ' 1 


BRITISH JEFFREY-DIAMOND LTD. 


Crushers & Industries Division 
15-17 Caxton Street, London, S.W.1 
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THE WORLD-WIDE-FAMOUS 
ERHARD 
eae ae 


known for their Design, Precision and Quality for more than 80 years. 


SOLVE ALL PROBLEMS ._¥ 



































E 























JOHANNES ERHARD H.WALDENMAIER ERBEN 
Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 


Telephone 388] Cable: Erhardarmaturen 


For all information write to: 


The Sole Agents for the United Kingdom 


ALK. STARCK’S CO. LT D. 22, Chancery Lone London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 
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SINGLE PHASE AND POLYPHASE 


SAFE 
SECURE SUPPORTS NS WATTHOUR METERS 


Flexible Pre-Engineered SYNCHRONOUS MOTORS 
Pipe Hanging — AND MOTOR UNITS 








Piping that moves may well give rise to weight transfer 
and dangerous stresses at terminal points. Some high 
temperature pipes need complete support throughout 
their range of movement and to control vibration, 
while others need only limited control of vertical 
movement. In both instances the support provided 
must be correctly related to the stresses. Scientifically 
designed and constructed VOK ES GENSPRING 
Suspension systems keep all such stresses safely under 
control. For uniform support VOKES GENSPRING 
CONSTANT SUPPORT HANGERS accurately 
balance the weight of the pipe, allow free non- 

resonant movement in all “hot"’ and “cold” positions, PANEL & SWITCHBOARD 





so eliminating weight-stress. Made to support loads INSTRUMENTS 

of up to 30,000 pounds with travels up to 12”, they D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple 
simplify piping design and give the best possible A.C./D.C. Moving Iron 

protection to costly equipment. Designed to control : 

vertical movement, VOKES GENSPRING VARI- PORTABLE INSTRUMENTS 
ABLE SUPPORT HANGERS (shown below) give es D.C. Moving Coil, A.C. Rectifier, H.F. Thermocoupie 
a variation of only 43° of rated capacity per 3” is A.C.,D.C. Moving Iron, A.C./D.C. Dynamometer 
of deflection. They provide a safe and convenient es 

method of support, they are easily installed and Be LABORATORY STANDARD 

may be moved at will for use in alternative positions. INSTRUMENTS 

Various types are available including special adapta- : D.C. Moving Coil, A.C.|/D.C. Dynamometer 
tions for low headroom. If you have pipe suspension gee =) ids lines” ae nl & : 

troubles send for the two Vokes Genspring Cata- = CURRENT TRANSFORMERS 
logues. They give full details of each method and ee 

will help you to select the type of suspension most Be FREQUENCY METERS 

suitable for your particular requirements. ALL-PURPOSE TEST SETS 


AIRCRAFT INSTRUMENTS 
RATIOMETERS . TACHOMETERS 
ELECTRICAL THERMOMETERS 

WESTON STANDARD CELLS 


“PHOTRONIC” 
PHOTO ELECTRIC CELLS 


PHOTOMETERS 


v 


SANGAMO WESTON LTD. 
ENFIELD, MIDDLESEX 


Telephone: ENField 3434 (6 lines) and 1242(6 lines) 
Grams: Sanwest, Enfield 

















VOKES 
GENSPRING 


had 
eS 


Scottish Factory: Port Glasgow, Renfrewshire 





SUSPENSION SYSTEMS = Port Glasgow 41 151 
2 
Sab 
Dept. W/4 3 
Les 
2 Branches: London, CHAncery 4971 . Glasgow, Central 6206 
VOKES GENSPRING LTD. Ss Manchester, Central 7904 . Newcastle-on-Tyne, Newcastle 26867 
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G.E.C. Nuclear Research and Development — No. 2 








THE BLOWER 


To maintain the output of a gas- 
cooled nuclear power station at the 
required level it is essential to supply 
an adequate flow of coolant gas past 
the uranium fuel elements. This in 
itself requires power, which reduces 
that available for distribution. One of 
the design problems is thus to obtain 
an adequate flow of coolant with the 
least possible expenditure of power. 

For the power station now being built 
by the G.E.C. at Hunterston a radial- 
flow impeller with backward-curving 
vanes, of a type that has proved satis- 
factory in many existing applications, 


will be used. A one-third scale model 
of the Hunterston gas-circulator and 
casing is being used in the laboratories 
of the G.E.C. Atomic Energy Division 
to provide data relating gas pressures 
and temperatures to the power ab- 
sorbed. The results obtained will be 
incorporated in the final design to 
ensure the best possible performance 
of the system while taking every ad- 





vantage of existing features of the 
radial-flow machine. In the course 
of these tests, conditions of pressure, 
temperature, and flow, not met with 
before in industrial applications, are 
being investigated. 

This is another of the ways in which 
the safety, reliability and economy of 
G.E.C. nuclear power stations are 
being ensured. 


Atomic Energy Division 


THE GENERAL ELECTRIC COMPANY LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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You can rely on Gem 


(THe EST wane Breese i THE worLD | 


TRADE MARK 


See them at your local tool wholesaler 


GEM BRUSHES (LUSON) LTD., EST. 1874 


GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.1I0. Tel.: ELGar 7251 (5 lines) 
ROTARY POLISHING & LATHE BRUSH DIVISION, KINGSWOOD MANUFACTURING CO., LTD. 











Wherever steady, controlled movement is required 


a \ / *. oil-hydraulics really come into their own. 

. \ ! ; Most hydraulic equipment, however, is designed 
\ \ ' ’ and built primarily for high-pressure operation. 
\ \ d / When used for low-pressure applications it runs at 

\ * a fraction of capacity and it would therefore be far 





cheaper to design and build hydraulic equipment 
specially for low-pressure operation. 

The new range of Baldwin low-pressure hydraulics 
meets this need. Right from the drawing-board 
stage this equipment keeps one aim in view 


F LU | D Pp OW iz h RELIABILITY. Polished hard-chrome _ plated 
cylinder bores and piston rods; self-adjusting oil, 


J and water resistant seals; rugged malleable cast iron 
and steel construction, completely rust and corrosion 
proof inside and out: built-in cushioning to absorb 
the shock of heavy loads moving at high speeds, and 
many other quality design features ensure absolute 
efficiency even under the most arduous conditions. 
Unit construction enables Baldwin to offer 432 
standard types of cylinder with 6 bore sizes and 8 
standard mountings. 

Ask any discriminating buyer, he will tell you that it 
pays to specify Baldwin low-pressure hydraulics. 



































Write now for your copy 
: of this new Fluid Power 
cent Brochure F4.503, it 
i gives complete easy-to- 
read information on the 
entire range of Baldwin 


cylinders, valves and 


4 u ‘DD teste ere camer er cores ear accessories, for " 
> : ) BALDWIN FLUID POWER a aie ne Breton 
POWER 














BALDWIN INSTRUMENT COMPANY LIMITED 
One of the Harper Group of Companies DARTFORD . KENT ° TEL: DARTFORD 2948 
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raPrP-A ir air filter 





revolutionary new filtration 











Rotonamic 


multiple-tube cyclonic air cleaner 





Maximum efficiency and 
minimum pressure loss are 
important characteristics 

of the FAR-AIR filter. 
Easily accessible and 
washable elements are used. 
Their design is such that 

a Far-Air element 

20” x 20” x 2” will 

hold 25 oz. of 

solids of 

2°54 sp.g. 

INTERMIT LTD. has set 
up a nation-wide filter 
cleansing service to provide 
low-cost maintenance. 

An automatic 3-stage 
washer of FAR-AIR design 
is available for large 
installations, where the cost 
of a special machine 

is justified. 


Principles 


With extremely high 
efficiency on particles 

in the range below 5 
microns, the ROTONAMIC 
multiple-tube cyclonic air 
cleaner is close to 100% 
efficient in the removal 

of larger particles. 

There are no moving parts, 
and the ROTONAMIC 
therefore needs no 
maintenance. Solids separated 
from the air are simply 


collected from a bin. 


FAR*-AIR LICENCED MANUFACTURERS FOR EUROPE 


INTERMIT LIMITED 


BRADFORD STREET 
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BIRMINGHAM 


Phone: Midiand 7961 


Group experience and resources 


A215 















SHEETS AND BAR: 


Why burden, yourselt 
with large stocks 


BIAINIESSISTEH) 








jor ‘oft -the - shelf ‘delivery 


BRITISH MATERIAL ONLY 
One of the largest STAINLESS STEEL STOCKHOLDERS in the country, 
COMPETETIVE PRICES ° SEND FOR sTtTocK tist 


JOHN CASHMORE LTD 


GT. BRIDGE - TIPTON - STAFFS. Tel. Tipton 2181/7 





PYROTENAX M.I. Thermocouples 
and Compensating Cables have been 
chosen for Bradwell, one of the first 
Nuclear Power Stations commissicned 
by the Central Electricity Authority. 


Over a thousand Pyrotenax mineral insulated metal sheathed Thermo- 
couples together with considerable quantities of Compensating Cable, 
have been specified for temperature measurement of the fuel elements, 
the graphite moderator in the reactor and the concrete biological shield, 
as well as for various other ancillary applications. 

The ruggedness and ductility of Pyrotenax thermocouples, together with 
the high stability of the magnesium oxide insulant under the influence 
of high temperatures and neutron bombardment, make them the only 
practical thermocouple for temperature measurement, both in and 
around atomic piles. Incidentally Pyrotenax M.I. copper covered power 
cables have been proved by long experience in conventional Steam 
Power Stations to be eminently suitable for power and control purposes 
for voltages up to 660 volt. 


The use of the trade name 
* Pyrotenax ' is exclusive to 
the products of this Com- 
pany and its associates. 


Write now for information sheet No. 42 


Pyrotenax PYROTENAX LIMITED 


copper covereo MI castes 


PERFECTED BY EXPERIENCE HEBBURN-ON-TYNE. Phone: HEBBURN 32244/7 


Branches: LONDON BIRMINGHAM 24 MANCHESTER LEEDS 7 GLASGOW : CARDIFF 
GD 42, 
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In the construction of the Fast Breeder Reactor at the 
atomic power station at Dounreay, ‘ROCKSIL’ is the chosen 
insulator. “ROCKSIL’ is being used for the insulation 

of the main and auxiliary equipment including heat exchangers, 
tanks and piping. The installation is being carried out by 
William Kenyon & Sons Limited, who obtained the contract. 


Dounreay uses ROCKSIL. 


ROCK WOOL INSULATION 


ROCKSIL’ is the latest synthetic inorganic fibre, produced in 
Britain from natural Scottish Rock. The basis of all 

Rocksil Insulation is a white fleecy wool—a low-density, resilient 
mass of long siliceous fibres consisting of up to 95% of air by 
volume. Besides being a highly efficient insulator throughout all 
temperature ranges up to 1400°F., ‘ROCKSIL’ is fire resistant, 





chemically inert and sulphur-free, non-hygroscopic, odourless and rot- 
proof; it does not contain glass or slag. It is available in a 

variety of forms, such as loose wool or fabricated products, 

to suit every application requirement. 


Write for literature and all further details to the manufacturers: 
THE CAPE ASBESTOS COMPANY LIMITED, 114 & 116, Park Street, London, W.!. Tel: Grosvenor 6022. 


and at Glasgow: 217, Bothwell Street, Glasgow. Telephone: Central 2175. 
Manchester: National Buildings, St. Mary’s Parsonage, Manchester, 3. Telephone: Deansgate 6016-7-8. 
Birmingham: 11, Waterloo Street, Birmingham, 2. Telephone: Midland 6565-6-7. | 
Newcastle: 19/20, Exchange Buildings, Newcastle, Telephone: Newcastle 20488. 


also distributed by: WILLIAM KENYON & SONS LTD. » Dukinfield, Cheshire. Telephone: Ashton-under-Lyne 1614. 
TAI0262 








NUCLEAR POWER DECEMBER 1957 a 





FITTINGS FOR 


Simplifix PLASTIC COVERED 
COPPER TUBES 


Simplifix couplings can now be supplied for use with plastic covered copper tubes 
The new fitting (which incidentally was developed on behalf of one of the leading 
chemical manufacturers in this country) consists of a specially designed adaptor, used 
in conjunction with standard Simplifix couplings. A full range of parts is available 
including straight and stud couplings, elbows, tees, banjos, etc. 


Further particulars and prices will gladly be sent on request. 


Simplifix Couplings Ltd - Hargrave Rd - Maidenhead - Berks - Maidenhead 2271/4 


Hen 
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WORK HANDLING 
EQUIPMENT 
for welding 


OPERATOR’S PLATFORMS 
CYLINDER ROTATORS 
POWERED POSITIONERS 
CLAMPING MACHINES 
WELDING PLATENS 





sy Courtburn Operator's Platform shown above was built for the 
A.P.V. Co. Ltd., Crawley, for welding their aluminium vessels. 


COMPLETE AUTOMATIC WELDING SCHEMES DESIGNED AND SUPPLIED 
Follow the example of the leading engineering firms—choose Courtburn equipment 


SALES DIVISION, GOLDINGTON BURY, BEDFORD 
Telephone: 4587-8-9 


Catalogue gladly sent on request 


OURTIBUR 


| POSITIONERS LIMITED | | POSITIONERS LIMITED | 
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SCREW, BOLT or 
CAVITY FIXING: 


MODERN BUILDING MATERIALS can be 
a veritable nightmare to the man who has to deal 
with the problem of making SPEEDY, PERMA- 
NENTLY SECURE FIXINGS having either 
LIGHT or HEAVY LOADING CAPACITY 
at an economic cost. 

In the RAWLPLUG RANGE there are 21 
different types of Fixing Devices, with a tremen- 
dous variety of applications. They provide the com- 
plete answer to every fixing problem in every kind 
of material THE RAWLPLUG RANGE also 
includes 14 different types of tools for hole boring. 


AWEPLUGS 
Sa 


et hr 


The World’s Largest Manufacturers of Fixing Devices 


on Sheed and Sipen 


B5se 


HAVE YOU A FIXING PROBLEM ? 
THE RAWLPLUG COMPANY LIMITED - 
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CROMWELL ROAD .- 





The world’s speediest screw fixing 


Rawiplugs make firm screw 
fixings in brick, tiles, 
cement, stone, etc., in a 
fraction of the time taken 
by any other method. 
Drill the material, insert 
the Rawiplug, screw up— 
it’s as simple as that! Safe, 
permanent, and completely 
reliable in any climate. 
For all screw sizes up to }” 
coach screws, 


ee 


oe 
. _ 













For Cavity fixings} 


For almost impossible jobs 
use the Rawinut. (You can 
even make a fixing to a 
pipe). The tapped nut in 
the end of the rubber bush 
is drawn up to the reverse 
face of the material by 
turning the screw. The 
result is an airtight, water- 
tight, vibration-proof fixing 
of enormous strength. For 
thin plastic, metal, wall- 
board and hollow pot, etc., 
it is invaluable. 








Bolt it down in minutes! 


For light or heavy bolting 
jobs, no other method even 
begins to approach Rawl- 
bolts for strength, ease and 
speed. Rawlbolts are a dry 
fixing, they grip at once by 
expansion—no cold chisel- 
ling, no grouting in, no 
waiting for cement to 
harden. In all bolt dia- 
meters up to 1” in either 
loose bolt or bolt projecting 
types. 





yj | DIFFERENT TYPES 


OF RAWLPLUG 
FIXING DEVICES [ 


/ 


’ 


For FREE TECHNICAL SERVICE send full details to :— 
LONDON - 


$.W.7 


A29 











Even higher standards 


of thermal efficiency... late Pilon 
The application of modern heat insulation principles é 
can be no gradual process of acceptance in the nuclear 
field. From the start, maximum fuel efficiency is being 
demanded, implying the very minimum of heat ab- 


sorption and dissipation through the walls or struc- 


tures of fuel-burning equipment and hot plant. It 
follows that the physical properties, performance 
under load, and durability under stringent operat- 
ing conditions of all heat insulating materials 
considered must accurately and reliably fulfil 
their specifications. The comprehensive range of 


Moler products, already regarded so highly by 
designers of existing power station boilers and ’ 
covering a temperature range up to 1370°C, by TUORNERS 
offers a very wide choice of individual : 

materials, made to exacting standards 

in the largest British works devoted 


entirely to the manufacture of heat of NEWCASTLE 


insulation products. Our Technical 










Advisory Service will gladly supply full QO wan) 
details of M.P. Insulating Refractories, ‘om 
Fosalsil Solid Grade _Economite In- Turners have already produced ao 
sulating Bricks and Lightweight Slab © Public Relations and Prestige o 
Insulation, and discuss _ specific ; : 
ation = Films, Staff Recruitment Films, 
applications and techniques. wie fi Oo 
= Scientific Record Films, Industrial 
Films, Advertising Films and oO 
om Documentary Films for oO 
as | such firms as: oO 
oO A. Reyrolle & Co. Ltd. Oo 
Central Electricity Authority 
Oo C. A. Parsons Ltd. “. 
co The Expanded Metal Co. Ltd. 
PRODUCTS LIMITED 3 Fibreglass Ltd. Fa 
South Durham Steel & Iron Co. Ltd. g 
HYTHE WORKS oe Cleveland Bridge & Enginecring Co. Ltd. 
COLCHESTER ESSEX a Express Dairy Co. (London) Ltd. 
Tel: Colchester 3191 Grams: Furmol Colchester eo Houseman & Thompson Ltd. 


The Royal Agricultural Society of England 
oO The North East Industrial & Development 
} Association 










We will gladly 
supply further 
Tl 


information on request 


~ 


Camera House, Pink Lane, Newcastle upon Tyne. Tel: 2-5391. 
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production engineers 
fully equipped for the manufacture of 


sraphite components. 

fabricators of 

special equipment for the 
ATOMIC ENERGY AUTHORITY 








If YOU have a special problem, apply to: 





Aircraft Division : 
POYLE MILL WORKS, 
COLNBROOK, BUCKS. 

Tel.: Colnbrook 2345 


Registered Office: 
29 ST. JAMES’S ST., 
LONDON, S.W.1. 
Tel.: Whitehall 6478 


[ GRAVINER MFG. CO.. LTD.. | 


Fareham Road, Gosport, Hants. 
Tel.: Gosport 89175 





also specialists in Industrial Explosion Protection, Airborne Fire Protection Equipment, Thermostats and Overheat Switches. 
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Aeronautical engineering is an excellent 
school for nuclear engineering. That is the reason for 
this advertisement. Armstrong Whitworth have been concerned 
with aeronautical engineering right from its infancy. 
Our machine tools and their highly skilled operators are 
now tackling a wide variety of engineering problems. 
We might well be able to help you. Write or telephone to: 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
BAGINTON, NR. COVENTRY. TOLLBAR 2261. 


The above illustration shows a selective range of 
pure molybdenum articles fabricated by machin- eg ¢. 

ing or spinning. We shall be pleased to quote a : —— 
against customers drawings. MUREX LTD (Powder Metallurgy Division) RAINHAM « ESSEX 


Telephone: Rainham, Essex 3322. Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex 
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I 


tf 
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is actively concerned in the supply of 
equipment and material with special 
application to the Nuclear Power Industry 


PRIMARY AND SECONDARY 
SURFACE HEAT EXCHANGERS 


*A first class Technical Advisory Service CONDENSERS 


supports the products of the Serck 
Organisation into which have been embodied 
the intensive research and accumulated 
practical experience of thirty 

years and more. 


SERCK RADIATORS LIMITED 
SERCK TUBES LIMITED 
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AIR AND GAS COOLERS 
CONDENSER TUBES 


WARWICK ROAD, BIRMINGHAM, 11 








NUCLEAR POWER DECEMBER 1957 





T= 3. 0 


~“ 








300 MEGAWATTS AT BRADWELL, ESSEX 


A Greater Britain through 
Nuclear Power \ 


A greater Britain because her industry can draw upon 
hundreds of thousands of kilowatts of productive 
electrical power without burning a pound of coal or 
a pint of oil as fuel. A greater Britain because 
Bradwell, despite the exciting technical advance 
it represents, is a commercial atomic power 
station and underlines the remarkable 

British lead in the practical application of 
nuclear energy. The Nuclear Power 
Plant Company is proud to be 
entrusted with this great contract by 
the Central Electricity Authority. 





























N.P.P.C. combines 
the resources of eight 
specialist companies 

whose individual skills are 
planned and co-ordinated 
into a unified team capable of 
undertaking the construction of 
complete nuclear power Stations 
throughout the world. 





P|P 


THE NUCLEAR POWER PLANT COMPANY LIMITED 


C. A. PARSONS & COMPANY LIMITED - A. REYROLLE & COMPANY LIMITED 








HEAD WRIGHTSON & COMPANY LIMITED + SIR ROBERT MCALPINE & SONS LIMITED 
WHESSOE LIMITED + STRACHAN & HENSHAW LIMITED 
ALEX FINDLAY & COMPANY LIMITED - CLARKE CHAPMAN & COMPANY LIMITED 


BOOTHS HALL: KNUTSFORD: CHESHIRE 





TGA NPE 
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SPECIALTIES. 
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Air and Gas Compressors for all operations requiring 
high pressures. 


Electric, diesel, tandem, steam or steam engine drive. 


HI 


MAKERS OF AUXILIARIES 
FOR NUCLEAR POWER PLANTS We 
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S to 500 
TONS 


heavy lifting 
equipment 
of any capacity 


LET US SOLVE YOUR 
LIFTING PROBLEMS 
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Caswell winches and derricks at Ly 


Wilton Works of Messrs. 1.C.I. 


PACAP. 











GROVE WORKS HAMMERSMITH LONDON W. 6 
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Measurement 


IN ASSOCIATION WITH 


Gamma Monitor D.4125 

A logarithmic ratemeter employing an ionisation chamber 
for high-level irradiation monitoring. Available in two 
models 10m/R/hr to 10,000 R/hr and Im/R/hr to 1,000 
R/hr. 


Health Monitoring 







Gamma Health Tolerance 
Monitor D.412! 
Indicates at position 

of observation both the 
dose-rate in health 
tolerance units and the 
permissible exposure 
time for a day’s dose 
Range 0-100 health 
tolerances 


warning 


instrumentation 








Gamma Alarm Unit D.4120 
An “ installed” system giving both visual and audible warn- 
ing of the presence of hazardous radiation levels within 
an irradiation cell after the source has been withdrawn. 
Functions in conjunction with the door interlock and is 
arranged to “ fail safe.” 


Labg Car’ Ltd | WILLOW PLACE CAMBRIDGE ENGLAND Tel Cambridge 2494 Grams: ‘ Labgear Cambridgc 
€ ‘ Y J y 
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QCf INDUSTRIES, Incorporated, 
now offers complete electrical power generating systems using 
boiling or pressurized water reactors. Complete “turn-key” 
service is offered, including design, fabrication, construction, 
start-up and operator training. 

Using low enrichment fuel, the boiling water reactor holds 
promise of economically competitive power in many regions 
of the world. Depending on the required output of the system, 
either forced or natural circulation may be used in the primary 
cycle. 

Nuclear Products—Erco Division of QC f is staffed and 
equipped to design and build complete reactor facilities not 
only for power but for research, materials testing and other 
purposes. We cordially invite inquiries relating to design and 
manufacture of reactors, components, and associated 
equipment. 


QaCfE 


POWER 


REACTORS 


: E F =a re oa Pye fesitet 


QCf REACTORS CURRENTLY 
UNDER DESIGN and CONSTRUCTION 
1,000-5,000 kw heavy water research reactor for the 
Massachusetts Institute of Technology 
5,000 kw heavy water research reactor for the Italian 
National Committee on Nuclear Research 
20,000 kw light water materials testing and research 
reactor for Reactor Centrum Nederland 
30,000 kw light water materials testing and research 
reactor for Aktiebolaget Atomenergi of Sweden 


10,000 kw light water materials testing reactor for the 
Nuclear Engineering Test Facility, Wright-Patterson 
Air Force Base, Ohio 


A preliminary design of a 10,000-20,000 kw light 
water materials testing reactor for the Case Institute 
of Technology 





nuclear products-erco 


Division of QCFf Industries Incorporated, 508 Kennedy Street, N.W., Washington, D.C. 


QCf 
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REMOTELY INDICATING 
OR RECORDING 
OR CONTROLLING 


FUEL CONSUMPTION ) 


Remote Reading Draught Pressure Gauge 
(REDRA), automatically indicating or re- 
cording or adjusting damper to economical 
draught. Readings can be monitored and 
recorded at considerable distances. 















with cover removed 


4 TANK CONTENTS 


Remote Reading Tank Contents Gauge 

(RECON), measures fluid volume by revolu- 

tionary method based on Archimedes Prin- 

ciple, providing a new fine degree of 
. =}: accuracy. 

Bt : Indicating, Monitoring or Recording, as 

Seon _ REDRA. 

' ** The similarity of the Indicator Power 
Packs for REDRA and RECON facili- 
tates easy servicing. 


APLAND 


PRESSURE DIFFERENCES > 


Remote Reading Differential Pressure 
Gauge (REDIFF), measures extremely 
minute differences of pressure which 
can be indicated or monitored or re- 
corded, Will indicate Differences of 
Pressure of a few inches of water 
BUT withstand high static pressures. 
Note: The Transmitter is self-compensated such 
that it may be used in temperatures between 
20°C. to + 70°C. Further, the sensing membrane 


may be supplied at customer's request to with- 
stand temperatures of 350°C. 





WRITE FOR DETAILS OF THESE GAUGES TO 


APPLEBY & IRELAND LIMITED 


KEMPSHOTT PARK . BASINGSTOKE . HANTS . Telephone: DUMMER 216 & 383 


a4o 
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WESTERN: DETAIL MANUFACTURERS LTD 
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Plessiflex is acknowledged to be the best flexible 
stainless steel hose for most applications —and is 
ren particularly outstanding in the field of nucleonics. 
i Produced from solid drawn tubing, Plessiflex is 
absolutely seamless and immensely strong. As a 
result Plessiflex may be employed simultaneously 
as a hoist rope and asa gas or fluid connector with 
the minimum of extensibility. It is ideal for 
charging machines, cable conduits, gas ducts, 
remote pneumatic handling or safety monitoring 
circuits. High- purity aluminium, nickel or 
zirconium hoses can also be supplied for special 
applications. 


?"> 


1 





If you have a problem which could be solved by the 8 
employment of flexible hose—consult Power 
Auxiliaries Ltd. Specialists in this field, Power 
Auxiliarigs Ltd., have built up extensive design 
experience which is readily available to all * 





equipment producers. 








/ PLESSIFLEX | 


flexible seamless metallic hose 


” 


Power Auxiliaries Led., Kembrey Street, Swindon, Wilts. Phone: { 










@ PALS 
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Camera 





Control Unit 








14” Monitor 








ndustrial 


Have YOU considered the possi- 
bilities of Industrial Television 
in YOUR Company ? Wherever 
it is too difficult, too dangerous, 
or too expensive to use a human 
observer, there is a job for PYE 
Industrial Television equipment. 
The basic equipment consists of 
the Camera, which can be sup- 
plied in a special housing to pro- 
tect it from dust, weather, intense 
heat, noise or shock, and the 
Control Unit and Monitor. It is 


inexpensive to buy, simple to 


levision 


install and operate, and the run- 
ning costs are low. It is available 
for rental, too. 

Our Industrial Television Unit 
will be glad to advise you and 
arrange a demonstration. If this 
is successful, we will leave the 
equipment with you for 7 days 
so that you can prove its effi- 
ciency and value for yourself. 
This service is, of course, free 


and without any obligation. 


YOU 


PYE LIMITED, 

INDUSTRIAL TELEVISION DIVISION 
Radio Works, Cambridge 
Telephone: Cambridge 58985 
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Burst Slug Detection for BERKEI 


CL 


Assembling a prototype precipitator at Brockhampton Park. The gas 
sampling equipment for Burst Slug Detection including Rotary Selector 
Valves, Precipitators and Gas Bearing Compressors required by A.E.I.- 
John Thompson for Berkeley, is being undertaken by Dowty Nucleonics 


Limited and production is backed by the resources of the Dowty Group. 
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DESIGN AND MANUFACTURE 
IN THE ATOMIC FIELD 
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A new development: 
the bellows-sealed 
Gachot valve 


All stainless steel 
Argon-Arc welded 
Vacuum leak checked 
Tested with helium 
cto) @mel-Si-laiels 





This valve is already fitted at: 


THE RESEARCH REACTORS 
EL3, P2, Aquilon 


AT SACLAY 


THE LIQUID METAL SYSTEMS 
AT CHATILLON 


THE PLUTONIUM PLANT 
AT MARCOULE 





82, rue Montigny, ARGENTEUIL (S.-et-0.) FRANCE 
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Our First Chinese Christmas Card 
a 
ory 


FA sia the voice on the telephone. Yes, we said, do 
come and see us tomorrow morning at 10 o'clock, So 
it was that Mr Teng Chao-ming, Head of the Chinese 
Government Trade Mission, came to visit NUCLEAR 
POWER. Volatile, quick and so very courteous Mr 
Teng produced his long nuclear shopping list asking us 
where he might buy in Britain. Items ranged from a 
power reactor down to a £10 monitor. For three hours 
we talked and told him what Britain had to offer and 
very impressed he seemed to be. Why had he come to 
see us, we asked—‘ Oh”, he replied, as naturally as 
if he only came from Harwell, “Just that | see your 
wonderful magazine regularly in Peking.” But then 
China is only 46} minutes away by Sputnik. 


The very next day the Christmas card below arrived 
with many thanks from our so very courteous Mr Teng. 
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And don’t you think it is charming? 
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Darlington 85% magnesia 
keeps that heat 

where it is useful 


Is the precious heat used in your plant leaking 
away through badly insulated pipes and furnaces 
—heat that now costs you more than ever before ? 
Keep the air temperature down and the working 
temperature up by applying Darlington 85% 
Magnesia insulation; keep that heat just where it 
should be—working for you, not against you. 
Many British power stations, including the new . » 

atomic power station at Calder Hall, owe their The Chemical and Insulating Co. Ltd 
high thermal efficiency to Darlington Insulation 
materials and engineering. If you have insulation 
problems contact our technical department _ dea 

first, they will give you as much help bey 

and advice as you need. , 


DARLINGTON, CO. DURHAM 
TELEPHONE DARLINGTON 3547 


MH3 
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After Windscale 


Britain has had her first major reactor incident. The Windscale affair undoubtedly gave rise to 
grave anxiety at the time but now the fuss has died down what is the balance? We have 
suffered a great loss in plutonium production—what this means is only assessible by those 
in the know— it has cost a lot of money and a deal of milk has been wasted. On the balance 
side, no one has been injured and there seems to have been no permanent damage to 
property outside the factory. More than that however, we now have an invaluable opportunity 
to learn from a costly mistake. 


The Windscale design is ten years old and in atomic energy that is very old. We are told that 
this accident cannot happen in the modern Calder type of plant and no doubt this is so. But 
in the working out of the nuclear programme incidents of one kind or another are bound to 
occur over the years, no matter how intensely the safety problem is studied, and we must 
learn how to deal with them. Furthermore, in the course of time reactors will come to the 
end of their useful life and we shall be faced with the task of decommissioning them. Such 
operations obviously cannot be tried out as dummy runs: equally, it would be inconceivable 
to rehearse them ‘ live’. Thus the Windscale accident might yet prove to be a blessing in dis- 
guise, for it will have forced upon us the task of decontaminating a very large installation: 
possibly even the complete dismantling of a reactor, or at least its sealing up as a permanent 
monument to our ignorance. 


All this is not to gloss over the serious shortcomings in the Authority’s organization that led 
to the accident and which are to be studied by the Fleck Committees. As in the great majority 
of all accidents, the immediate cause was a human misjudgement. Presumably however the 
man in charge of the pile at the time did not appoint himself and the Authority have very 
properly accepted collective responsibility for a situation which allowed an inexperienced 
operator to be in that position. No matter how much automation can be applied to reactor 
operations it is unlikely that the human factor will ever be entirely eliminated—if indeed it 
were desirable—but the Windscale accident underlines the absolutely crucial role of instru- 
mentation. We must see to it that in our plants the reactor operators have available to them 
every piece of information necessary to ensure safety at all times. This can only be done by 
providing the best instruments in the world on a scale sufficient to ensure that all need for 
guesswork is removed. 


Irradiation for industry 


Nuclear power as we understand it does not mean merely producing kilowatts. This month we 
turn our attention to the potentially vast field of irradiation treatment of materials to alter them 
in various ways. In the short space of a few magazine pages it is not possible to give more than 
a mere outline of the subject but it can be seen that already British industry provides the 
material resources necessary to set up an irradiation processing plant using either particle 
accelerators or isotope source units. Which of these will ultimately prove economically superior 
is a question that cannot be answered until caesium is available. Possibly the question will 
never be answered since it will be found there is a definite sphere of advantage for each 
technique. 
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FIRST ITALIAN POWER STATION TO BE BRITISH 


NPPC-AGIP agreement for seven years 


From our own correspondent 


MILAN, NOVEMBER 25 


The 200 MW nuclear power station to be built in northern Italy is only 
a part of a seven-year technical cooperation agreement between AGIP 
Nucleare and The Nuclear Power Plant Co Ltd. Gino Martinoli, AGIP’s 
managing director, told me this today when he emphasized that the con- 
tract beween the two companies is based on entirely new criteria. Con- 
sultative, representational and contractual relations are the three aspects 
of the agreement which links AGIP and NPPC for seven years, he declared. 
For a start AGIP’s design and construction groups will work under NPPC 
supervision and Italian personnel would be sent to England for training. 
Thus AGIP will quickly gain experience it would otherwise take many 
years to accumulate and which will eventually enable them to design 
plants for themselves. The value of this knowhow agreement has not been 
disclosed. 

News of the deal first broke in Rome on Nov 19, and on Nov 21 the 
Nuclear Power Plant Co confirmed that it had received a letter from Enrico 
Mattei, president of the Ente Nazionale Idrocarburi (the state oil and natural 
gas monopoly) in Rome—of which AGIP Nucleare is a subsidiary—informing 
them of its intention to enter into a contract not later than June 30, 1958, for 
a 200 MWe natural uranium, gas-cooled, graphite-moderated reactor, and a 
long term agreement for mutual cooperation in the design and development 
of this type of reactor. For the first station NPPC will be entirely responsible 
for the overall design and the satisfac- 
tory commissioning of the plant, while 4 to 6 single reactor stations at any given 
AGIP will place all local contracts and _ time. 
carry out the site erection, The site has 
not yet been finally chosen but it will 
be on one of the Italian lakes—prob- 
ably Maggiore. No cooling towers will 
be used, water from the lake being con- 
sidered adequate. The reactor is already 
designed and will be of the same dimen- 
sions as one of the two now under con- 
struction at Bradwell—output will, how- 
ever, be upped from 150 to 200MWe. 
Total cost will be between £M20 and 
£M25 excluding the fuel which will 
come from the UKAEA. Agreement with 
the AEA is expected shortly and the 
Authority's secretary, Mr D. E. H. Peir- 
son, has recently been in Rome in this 








New MTR working 

Harwell’s new materials testing reactor 
PLUTO went critical for the first time on 
October 25. Similar in many ways to 
pIDO — which was formally opened in 
November 1956—the new high-flux 
heavy-water moderated reactor will be 
used chiefly for loop experiments. Its 
test facilities are thus fewer but larger 
than those in the older reactor. Using 
box-type fuel elements of enriched ura- 
nium metal, PLUTO has the same output 
as DIDO—10" neutrons and 10OMW. 


The core is an array of 26 boxes each 
made up from ten curved uranium-alu- 
minium alloy plates, clad in pure alu- 
minium (DIDO has 25 boxes each with 
eleven fuel plates). Control is by seven 
cadmium-shielded ‘ signal arms’ moving 
between the elements (six in DIDO). The 
core is contained in an aluminium tank 
inside a graphite reflector sealed into a 
helium-filled steel tank surrounded by 
the concrete biological shield. Heavy 
water is circulated by submersed motor 
pumps and exchanges its heat with light 
water which is cooled in a battery of 
forced draught cooling towers. As with 
DIDO, PLUTO is contained in a sealed 
cylindrical steel building. 

Experimental facilities number 18 
tubes, four of which pass right through 
near the core. A similar reactor—DMTR— 
is nearing completion at Dounreay. 

PLUTO was engineered by Head Wright- 
son Processes Ltd to the AERE’s re- 
quirements. 


RWE reactor hitch 


The Anglo-American team of Mitchell 
Engineering Ltd and AMF Atomics Inc 
have withdrawn their offer to build a 
ISMW boiling water reactor for the 
RWE. Reason for this move is that AMF 
have been unable to come to financial 
agreement with AEC over the develop- 
ment of the uraniathoria core. Similar 
disagreement has occurred over the ceil- 
ing price for the core for the Elk River 
22MW boiling water reactor. Originally 
to have been supplied by AMF, the Com- 
mission have now extended a general in- 
vitation to industry for tenders. Sub- 
stitute core offered by MEL/AMF to the 
RWE, consisting of 2 pct. enriched steel- 
clad uranium oxide fuel elements, was 
rejected. 

Preliminary orders had been planned 
with German industry for the reactor 
vessel, heat exchangers and building of 





connexion. Of the total cost, between 
one-third and one-half is expected to 
come to Britain for essential hardware 
such as graphite, the pressure vessel and 
controls. 

AGIP’s first job, Sgr Martinoli told 
me, will be to finalize the site and then 
determine the detail chemical require- 
ments. Nuclear Power Plant chief engi- 
neer Roger Vaughan told NUCLEAR POWER 
that if a site decision could be obtained 
in the next few weeks his firm could 
Start work in February or March and 
have the job finished in 34 to 4 years. 
He said his firm had had similar en- 
quiries from Germany, Holland, Belgium 
and Japan and that if construction were 
properly phased they could handle from 


Latest Harwell reactor is PLUTO—contained in this sealed steel building, entry 
to which is through air locks. It will be used for engineering experiments 
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the containment shell. Now RWE have 
asked the consortium AMF/MEL 
Siemens-Schuckertwerke to submit as 
soon as possible an entirely new offer 
based on new core proposals. 

Another important contractual diffi- 
culty which has not been resolved is the 
inability of the West German Federal 
Republic to give any form of clause free- 
ing the contractors from liability for any 
nuclear incident. 





Fleck to head Windscale probe 





Following the Penney inquiry into the 
Windscale accident the Prime Minister 


named /Cl-chairman Sir Alexander 
Fleck to head three committees which 
will review all the technical, organ- 
izational and health lessons to be 
learnt. It will be recalled that Sir 
Alexander carried out the organiza- 
tion study of the National Coal Board 
in 1954 which was followed by far- 
reaching changes 
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Navy's reactor critical 

Britain’s nuclear submarine HMS 
Dreadnought—took a step nearer reali- 
zation when NEPTUNE- 
reactor—was put into operation at Har- 
well on November 7. Built by Rolls- 
Royce, the facility is a zero energy assem- 
bly for core studies leading to the pres- 
surized water reactor that will power the 


a new research 


Visitor to NEPTUNE on November 


submarine. Next step will be the land- 
based power reactor and civil engineer- 
ing work at its Dounreay site has already 
started. 

NEPTUNE consists of an aluminium tank 
containing the core of enriched uranium 
plate type elements. Water is used as 
moderator but no cooling is provided 
as the output will only be a few watts. 
Precise water level control is provided 
as this is one way of regulating output. 
Additionally, a cadmium rod is provided. 
For shut off, two groups of neutron ab- 


sorbing plates drop in by gravity and 
water is dumped simultaneously into 
storage tanks. The reactor is not pres- 


surized but the water can be heated to 
90°C to study temperature effects. 

Principal subcontractors to Rolls-Royce 
were Elliott Bros (London) Ltd and Head 
Wrightson (Teesdale) Ltd. 


Another breeder in 1963_jos1in 

Fast reactor type nuclear power stations 
on the Dounreay basis operating on a 
commercial scale are unlikely before 
1970, Major-General S. W. Joslin, 
general manager of Dounreay, told a Dun- 
dee audience on November 4. It would 
be two to three years yet before the ex- 
perimental works at Dounreay were fully 
operating and a further five years before 
they would be in a position to build 
another plant. In 1963-64 the AEA 
would probably start work on another 
fast reactor prototype. Joslin did not 
regard radioactive waste at Dounreay as 
a major problem over the next ten to 
fifteen years. By that time they hoped to 
have achieved a great deal more know- 
ledge and experience of it. Before the 
problem of storage became really em- 
barrassing they hoped to find methods of 
extracting the useful long life elements 
and to put them to some good use. On 
the question of engineering and scientific 
labour availability he said that the 


14 was Admiral Sir Peter Reid (centre), 


Controller of the Navy and Third Sea Lord. With him are (left to right) Capt 
Harrison-Smith, in charge of navy’s development work at Harwell, NEPTUNE- 
engineer D. Tyzack, Dr B. F. J. Schonland and Admiral G. A. M. Wilson 






















nuclear programme would undoubtedly 
make enormous demands but the run- 
ning of a nuclear power station, once 
established, was essentially a straight- 
forward engineering job which would not 
make much of a demand on scientific 


manpower. 


AUSTRALIA 
Uranium production estimate 


There are few points in the Australian 
power system at the present day where 
gas-cooled power reactors would fit, 
states the annual report of the AAEC, 
just published. High capital costs of this 
type of reactor mean that they would 
only be economical where a large output 
is required and where it could be opera- 
ted continuously, and in any but the 
largest systems, installation of a nuclear 
station would mean placing considerable 
reliance on a_ single plant. ‘* Under 
special circumstances, however, such a 
station might be justified in Australia 
almost at once,’ the report continues. 
‘It might furnish the solution to the 
power problem of an isolated area such 
as Mount Isa, where there is a large and 
growing need for power.’ 

Production of uranium oxide at Rum 
Jungle was higher than last year and 
exceeded both the budget estimate and 
the rated capacity of the plant. Con- 
siderable progress has been made in 
bringing into production the Mary Kath- 
leen deposit near Mount Isa, Queens- 
land, and the treatment plant should be 
in operation by 1959. Total Australian 
output should then be about 1000 tons 
of oxide per year. 

In the research field, work in the past 
year has been concentrated on two power 
reactor systems: high-temperature gas 
cooled, and liquid metal fuelled. Results 
so far have vindicated this choice. 
applications of the first system have par- 
ticular interest to Australia: self-sustain 
ing breeders supplying base load electric 
power in the 50-200MW range, and small 
systems in the 5-10 MW range for re 
mote localities. 


Two 


CANADA 
NRU begins operation 


Built over a period of six years at a 
total cost of $M57, the NRU (National 
Research Universal) reactor went critical 
for the first time on November 3 at 
Chalk River. It will be operated at low 
power for several weeks for a series of 
test experiments, and then stepped-up to 
the rated capacity of 200,000 kWt—five 
times as great as NRX (National Re- 
search Experiment) which has been in 
operation at Chalk River for ten years. 

Heavy-water moderated and cooled 


continued on p. 490 
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fit. Construction of British pavilions is now complete. Industrial pavilion (above) 

Fr ( steel-framed, glass-walled with ‘ pin-cushion’ roof. Crystalline towers of Govern- : : 

Fs ment pavilion (right) will contain display of British tradition Lowest sphere of Atomium is completed. 
this Clad in aluminium sheet, each 66 ft dia- 
uld meter sphere will be an exhibition hall 
put Dominating the site will be the Atomium, 
et a 350 ft high model of an iron crystal 
lear 
ible " 
der Progress at an Exhibition * 

b 4 
alia 
watt by a NUCLEAR POWER reporter 

the 
uch 
-_ To say that the Universal and International Exhibition opening in Brussels on 
| April 17, 1958, will occupy an area 3} times the size of Hyde Park, that 50 
ae countries will be participating and that at least 30 million visitors are expected 
ad gives only a very bare idea of its scope. It will be the first of its kind since the 
he war and the largest ever to have been held anywhere in the world. In Brussels, 

“é six months before the Exhibition opens, there is ample evidence that Belgium 
ath. is going to be an excellent host. Over £80 million will be spent by the government 
ies in preparing the site, in parkland to the north of Brussels, and on very extensive 
ya improvements to the city’s roads. ie 
ae Broad theme of the exhibition is the progress of mankind in every aspect, and 
ana science and industry will necessarily be strongly represented. It will not be a trade 
7 fair and no direct business is expected to be transacted, but its value as prestige 
past cannot be estimated. mre One of eight new fly-overs in Brussels, 
ce All the pavilions are being built on a massive scale, concrete dominating as apart of a = eg —s 
gas constructional material, but they will all be pulled down when the exhibition scheme for the Exhibition 
alts ends. Even a half-mile prestressed concrete bridge spanning the site is not expected 
a to be permanent. Only the Atomium will be left, the brilliancy of its aluminium 
sa spheres being guaranteed for ten years. 

a Britain's participation is nearing completion. It will be the only country with 
“tric two pavilions, one organized by the government and the other by British industry 
ner ata cost of about £M4$ each. Progress in nuclear energy will be featured in both. 
wa \ 30ft diorama of Dounreay will be the opening display in the government hall 
of progress. Part of the BEAMA stand, the largest one in the industrial pavilion, 
will be three cylindrical ‘chambers of energy, and the one devoted to nuclear 
energy will feature a 15 ft model of a reactor core surrounded by drawings of the 
four commercial stations. An 80 ft, cut-away, partly animated model of Bradwell 
will be featured by the Nuclear Power Plant Co, and the UKAEA will also be 
exhibiting here. International displays of the peaceful uses of atomic energy will 
ta occupy two lower spheres in the Atomium and part of the International Hall of Outstanding in design will be West Ger- 
onal Science. many’s site. Basic construction of pavilions 
tical was completed in 15 days 
at 

low Circular United States pavilion is 340 ft diameter. Roof is 
al ‘bicycle wheel’ construction, with ‘rim : suspended by high 
yt tension steel cables from the ‘ hub 
five 
Re 
) in 
irs. 
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natural-uranium fuelled, NRU is a 
triple-purpose reactor. With a neutron 
flux five times that of NRX, it will be a 
very valuable research tool and will be 
used for testing fuel element assemblies 
and for loop experiments, some of which 
will be performed by the US AEC and 
the UKAEA. ‘Substantial quantities * 
of plutonium will be produced and sold 
to the AEC. The reactor will also pro- 
duce a larger variety of radioactive iso- 
topes, notably cobalt 60. Unique feature 
of the reactor is the fact that it can be 
refuelled without shutdown — charging 
machine for this weighs 240 tons. The 
aluminium core tank contains 43 tons 
of heavy water; 200 natural uranium fuel 
rods weigh a total of 12 tons. 





India’s ‘water nymph‘ 





The pool reactor now in operation at 
Trombay is called Apsara or water 
nymph. Honeywell-Brown chart re- 
corders plot flux, power, log power 
and period: uranium and water tem- 
peratures: water flow: radiation levels 





FRANCE 
Nuclear tanker under study 


Since the beginning of 1957, a council 
set up by the CEA and the Secrétariat 
d’Etat a la Marine Marchande has been 
studying nuclear ship propulsion. It con- 
sists of representatives from companies 
who have already collaborated with the 
Comissariat in other nuclear projects. 
Competitors belong to the groups 
France-Atome and Indatom which were 
the first formed in France for studying 
the applications of atomic energy. Pro- 
posed vessel is a 40,000 tonne tanker of 
20,000 h.p., figures chosen to make the 
prototype worth-while but not too ex- 
pensive. The council have to choose 
between possible types of reactors for 
the project. Equipment supplied by 
France-Atome and Indatom is divided 
into three types: pressurized water, boil- 
ing water and gas-cooled. In addition to 
technical considerations, economic and 
safety aspects have also to be taken into 
account, Services and laboratories of the 
CEA are available to the competitors as 
needed. The projects should be complete 
by the end of the year. Unforseen cir- 
cumstances apart, the Marine Marchande 
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and the CEA intend to pursue this work 
until a ship is put into service. A defin- 
ite date for this cannot be given at the 
moment. 


UNITED STATES 
Gloom at Forum 


Optimism was not a feature at the 4th 
Annual Conference of the Atomic In- 
dustrial Forum, held in New York at 
the end of October. AMF Vice-President 
James Lane, for example, said cost of 
nuclear plants was coming out much 
higher than had been anticipated and 
the problem of competitive power in the 
US seemed a long way from solution. 
Already several groups had curtailed 
nuclear activities and others were hav- 
ing a second look. Lane believed it would 
now be better to concentrate on reactor 
systems applicable to very large installa- 
tions in order to get the unit capital 
costs down. This was echoed by Stanley 
B. Roboff, marketing director of Sylvania 
Corning Nuclear Corporation, who said 
the atomic energy industry does not have 
enough business to keep all atomic com- 
panies operating at, or even near, capa- 
city. Westinghouse vice-president Charles 
H. Weaver's contribution was in much 
the same vein and he did not see the 
demonstrated performance of full-scale 
atomic plants in less than ten years. At 
the Westinghouse Shippingport plant, 80 
cents had gone into research, develop- 
ment and design for every dollar spent 
on actual construction. Weaver called on 
the Government to restate its objectives 
as a programme, for it seemed to him 
that there was no need for a large num- 
ber of nuclear plants in the US during 
the next decade. J. K. Busby, executive 
vice-president, Pennsylvania Power & 
Light Co went even further. ‘From a 
public utility point of view,’ he decided, 
‘the main consideration in development 
of nuclear power is to bring about a 
lower-than-otherwise cost of _ electric 
service.’ This he saw as a long-term op- 
eration with no immediate benefits. Many 
other speakers reinforced these views 
that the US is forcing the pace and that 
it would be a long time before nuclear 
could compete with conventional power 
here. 

Speaking on raw materials, AEC’s 
Jesse Johnson said the US had arrived 
at the point where it was no longer in 
the interest of the Government to ex- 
pand production of uranium concen- 
trates. The AEC have now started on a 
levelling off of production and are cut- 
ting back on foreign imports of concen- 
trates—in fact, some which were under 
firm contract have been released to Bri- 
tain. Johnson believed uranium explor- 
ation and development should continue 
on a broad scale but actual production 


should be carefully controlled to phase 
with demand. 


Rousing support for Calder 

Thirty-one proposals to design a gas- 
cooled, natural uranium, graphite-mod- 
erated, nuclear power plant of 40 MWe 
capacity have been submitted to the AEC. 
They were submitted in response to a 
Commission invitation of August 31, 
1957. Most of the bids include the name 
of sub-contractor firms which would per- 
form the nuclear portion of the design 
work. A contractor will be chosen on the 
basis of the recommendations of a Com- 
mission selection board which is evalu- 
ating the proposals. Development, design 
and engineering work on this prototype 
plant has been authorized by Congress. 
A report on the design, including cost 
estimates and schedule of construction, is 
to be submitted by the Commission to 
the Joint Committee on Atomic Energy 
of Congress not later than April 1, 1958 


Radiocobalt at 6c a curie ? 


Substantial reductions in American prices 
for radioisotopes were recently forecast 
by AEC Commissioner Dr Willard J 
Libby. Cobalt 60 now sells at $2 a curie, 
having recently been reduced from $9 
by the AEC, and this might well fall still 
further. Formula for calculating ‘ rock- 
bottom’ prices gives 6 cents per curie. 
Basis of this formula is the fact that the 
cost of neutrons and the chemical pro- 
cessing costs are the same as those used 
in the manufacture of plutonium. Guar- 
anteed price for plutonium is $30 per 
gram and from this a guiding set of 
prices for isotopes in large volume can 
be calculated, although deviations from 
these assumptions may make the figures 
unrealistic in some cases. The formula 
also indicates that radiocarbon in large 
volume may fall from $22,000 per curie 
to $110. However, figure for radioactive 
hydrogen-tritium on this basis is 25 cents, 
and at $2 a curie it is probably as cheap 
now as it ever will be. 


Review of McMahon Act ? 


Following talks in Washington at the end 
of October between President Eisenhower 
and Harold Macmillan on cooperation 
in nuclear energy, Congress will be asked 
to review the McMahon Act. Passed in 
1946, this provides close government 
control of the production, ownership and 
use of fissionable material, and of re- 
search and development programmes. 
This prevents exchange of information 
on bombs, but some cooperation on 
peaceful applications is possible under 
an agreement concluded in 1955 and 
amended in 1956. The present move aims 
to promote ‘ close and fruitful collabora- 
tion of scientists and engineers of Great 
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Britain, the United States and other 
friendly countries’ on military subjects. 
Two groups of experts have been named 
to make recommendations for US/UK 
action in atomic power and military 
fields. Sir Edwin Plowden and Lewis L. 
Strauss have been given the first assign- 
ment. 

Sir Edwin, who accompanied Mr Mac- 
millan, has flown back to Washington 
for further talks. 


Food irradiation reactor cancelled 


Design and development work on the 
reactor for food irradiation has been 
suspended by the AEC, and the Com- 
mission’s contract with Kaiser Engineers 
for this project cancelled. Reactor was 
being developed for use by the Army 
Quartermaster Corps for experiments in 
bulk preservation of food and other pro- 
jects at the US Army Ionizing Radiation 
Centre, to be built at Stockton, Cali- 
fornia. 

Alternative sources of gamma radia- 
tion—either from pure radioisotopes or 
reactor fuel elements — have recently 
aroused interest and are being investi- 
gated. Work on the reactor has been 
suspended pending the results. 


Nuclear merchant ship ordered 


Contract to build America’s first nuclear- 
powered merchant vessel has _ been 
awarded to the New York Shipbuilding 
Corporation of Camden, New Jersey. 
President Eisenhower has approved the 
name NS Savannah, in which the prefix 
NS—for nuclear ship—will be used for 
the first time. The 21,000 ton vessel will 
be primarily for cargo but will also have 
accommodation for 60 passengers. Esti- 
mated cost is $M20°9 for the hull alone, 
with a further $M9 for the reactor, to 
be supplied by Babcock and Wilcox 
under a separate contract. Under the 
construction plan, the keel will be laid 
next year, the vessel will be launched in 
1959 and seagoing in 1960. 


Power for the grid 

Only a year and five months after the 
decision to build, power from the Valle- 
citos boiling water reactor was switched 
into the grid serving 47 northern and 
central Californian counties on October 
24. The General Electric Co and the 
Pacific Gas and Electric Co plant pro- 
duces 5000kWe. Tests began on August 
5 and a reactor licence was issued to 
GEC by the AEC on August 31. Test- 
ing of the reactor installation will con- 
tinue for some time and the plant will be 
formally dedicated in a few weeks, Re- 
actor will be used primarily for develop- 
ing operational data for the 180MW 
Dresden nuclear station GEC is build- 
ing. Due for completion in 1960, this 
will also be financed privately. 
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WORLDBRIEFS 


Work began at Winfrith Heath on Nov- 
ember 25. Main contract for civil engin- 
eering, valued at £M1‘2, has been given 
to Turriff Construction Company. 


Puerto Rico University and the AEC 
have signed contract for operation of 
new nuclear training centre. Congress 
appropriated $M2’8 for start on its con- 
struction and initial operation. 


Good progress is being made on nuclear 
plant and laboratory being built by 
AMF Atomics (Canada) at Port Hope, 
Ontario. First fuel rod was completed 
in October. Located in a 30-acre site, 
this will be Canada’s first privately 
owned and operated facility for nuclear 
research, development engineering and 
manufacturing. 


WOoRiLDVIEw 


Public local enquiry into proposal to 
build a nuclear station at Trawsfynydd 
will be held by Ministry of Power. Pro- 
posed site is in Snowdonia National Park. 


Radiological survey of soil, water, air 
and biological conditions is being made 
by Walter Kidde Nuclear Laboratories 
in vicinity of the IRL test reactor being 
built by AMF Atomics near Plainsboro, 
NJ. Continuous monitoring programme 
is planned when reactor is in operation— 
this is routine procedure for all nuclear 
installations cooperating with AEC. 
Soviet Atoms for Peace Exhibition was 
opened in Cairo on November 2. Ac- 
cording to Kamel ed din Hussein, Egyp- 
tian Minister of Education, Egypt is 
building a reactor and a nuclear physics 
laboratory with the aid of the Soviet 
Union. 





Chinese mission visits John Thompson 





Secretary-general of the Chinese economic and trade mission, Teng Chao-Ming 

(see publisher's column) toured Wolverhampton works of John Thompson Ltd. on 

November 19. (I. to r.) D. L. Murray (director, J T Ltd), Miss Pan Yang Hue (in- 

terpreter), Mr Teng, E. Phillips (director, J T Ltd), and J. H. N. Thompson (deputy 
chairman, J} T Ltd) 





Successful tests of Spain's first reactor 
have been completed at the GE Vallecitos 
lab in preparation for shipment to Mon- 
cloa, near Madrid. 3000kW pool reactor 
should go critical next March. 

Assurances have been given to West of 
Scotland residents that there will be no 
danger from Hunterston by E. Hyme 
Jones, deputy chief engineer (generating) 
of the SSEB. 

Formation is announced of new group. 
American Nuclear Power associates, con- 
sisting of private industrial and utility 
companies. Plan is to design new high- 
temperature, high-performance nuclear 
plant based on Raytheon’s liquid metal 
fuelled gas-cooled concept. Group’s engi- 
neering team will be based at Raytheon 
research labs in Waltham, Mass. 


Cyclotron inventor Dr Ernest O. Law- 
rence has been awarded the Enrico Fermi 
award for 1957. Now director of Cali- 
fornia University’s radiation laboratory, 
Lawrence is a world authority on nuclear 
physics and won the Nobel Prize for 
Physics in 1939. 


Nobel prize for 1957 has been awarded 
to two young Chinese physicists work- 
ing in America, Prof Tsung Dao Lee and 
Prof Chen Ying Yang. Their work 
upset the long-accepted principle of 
parity. 


Provisional construction permit has been 
issued to Yankee Atomic by AEC for 
134 MWe pressurized water power reac- 
tor near Rowe, Mass. Design is similar 
to PWR at Shipping port. 








Irradiation for Industry 


WHAT IRRADIATION CAN DO— 
NOW AND IN THE FUTURE 


INDUSTRIAL PROCESSING by means of penetrating 
radiations is already in use in America and may soon be- 
come of importance in Britain. Considerable interest has 
already been aroused and many programmes of pure and 
applied research are under way, ranging from fundamental 
studies on the basic interaction of radiation with matter 
to the actual operation of industrial processing plants. 
Many of the radiation sources suggested in the past 
have been investigated experimentally. It is being increas- 
ingly recognized that machines for accelerating charged 
particles are the only economical method of large scale 


cation are already practicable and, though many of them 
can be carried out with various types of radiation, the 
large power outputs of electron accelerators tend to make 
them the first choice when costs are important. 

Electron accelerators already provide an efficient way of 
irradiating large numbers of quite small specimens be- 
cause electrons are easily stopped in solids. The beam can 
be scanned or scattered to cover a large area uniformly 
and, on production runs, it is usually possible to use 75 
pct of the energy output. Large doses of radiation can be 
given to a variety of samples in a short time with little 
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radiation treatment available in this country at present, 
despite the considerable interest aroused by the possible 
use of nuclear reactors or radioactive materials produced 
by them. Particle accelerators have been developed to a 
high standard of reliability and, being already in use, 
permit accurate costs of treatment to be found. Extended 
use of reactors or radioactive waste products may lower 
the costs but it is likely that improvements in the design 
of accelerators will also effect a reduction. 


The safety factor in machines 
The particle accelerator is a complex machine and pro- 
duces radiation only when it is functioning correctly: when 
any serious fault occurs, the radiation ceases abruptly. 
Modern accelerators are very reliable but are quite safe 
to repair when a fault does occur. In the American termin- 
ology they are ‘fail-safe’ and industry might favour 
them for this reason alone, as the radiation from an atomic 
pile or a radioactive source cannot be switched off during 
maintenance or repair work. 

The advantages of radiation treatment are more fully 
appreciated than are the practical difficulties of using 
radiation as an industrial process. Several classes of appli- 
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wastage of radiation. Gamma or X-rays have such great 
penetrating power that some of their energy passes through 
even large specimens, so it is difficult to absorb more than 
a small proportion of the available X-ray energy in speci- 
mens of reasonable size and shape. It is even more difficult 
to use the energy of a beam of neutrons efficiently and 
the possibility that the irradiated material may become 
radioactive, if only for a short time, is a big drawback to 
the use of neutrons in industrial production-line conditions. 

The use of radioactive isotopes in quantities which will 
produce worthwhile amounts of gamma rays will almost 
certainly become more common in the future. Large 
volumes of material can then be processed because gamma 
rays are so penetrating, but to get a large dose in a rea- 
sonable time, huge quantities of radioactive material will 
be needed. To obtain an output of one watt of radiation. 
70 curies of cobalt-60 or 240 curies of caesium-137 are 
needed. A production Van de Graaff electron accelerator 
produces 3000 watts of energy, the great majority of which 
can be absorbed by the test piece. 210,000 curies of cobalt- 
60 or 720,000 curies of caesium-137 would give a similar 
output, but it would be much more difficult to use a high 
proportion of the available radiation. Even if large samples 
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are disposed spherically around a cobalt source, they 
would need to be over 4 inches thick for material of 
density 1 g/cc. to absorb even half the available energy. 


Economics of fission products not certain 

Though megacuries of fission waste products may even- 
tually become available, the problems of extracting and 
concentrating large quantities of isotopes with reasonably 
long half-lives has yet to be solved and may prove to be 
more expensive than can be foreseen at present. Reactors 
built to produce the explosives for nuclear weapons would 
provide radioactive wastes as an incidental and the authori- 
ties may be only too glad to sell such waste products at 
an artificially low price, rather than have to dispose of 





radioactive waste products would simply not be available. 
It is to be hoped that quantities of concentrated long- 
lived waste products will become available in a form 
which will enable the radiations to be utilized. Even when 
quantities are generally available, which will certainly not 
be for several years, the costs of machine-made electron 
radiation will almost certainly have decreased over the 
years, sO that the two methods may be competitive. 

No precise information can be given in this article about 
the cost of irradiation because it varies so greatly with the 
particular application envisaged. Much of the cost of treat- 
ment arises from the capital outlay required to equip such 
an installation but variations in the number of shifts 
worked per week and the amount of overheads allocated 





Some uses of irradiation 


PRESERVATION OF FOODSTUFFS 

Foods can be sealed in thin metal containers or plastic bags 
and the bacteria inside killed by irradiation after packaging. 
The contents of the package must be thin enough to allow 
complete penetration by the radiation, though with foods 
which are cooked before packaging it may only be necessary 
to irradiate the surface layers, the cooking having killed the 
bacteria inside the food. Many foods can be sterilized by 
radiation and a group of volunteers in the USA have been 
eating only irradiated foods for some time. Foods such as 
pork, beef, chicken, cod, tuna, shrimps, carrots, potatoes, 
beans, flour, orange juice and evaporated milk can all be pre- 
served for long periods by irradiation. There is sometimes 
a change in the taste or smell of the food after irradiation but 
these changes often decrease on prolonged storage or cooking. 
Housewives with a choice of fresh foods, however, would 
almost certainly regard any alteration of taste with suspicion, 
even though the food might taste just as pleasant and be just 
as nourishing. 

So many people in the world suffer from malnutrition that 
reliable methods of storing the staple food crops, such as 
wheat, rice and potatoes, in all climatic conditions, are being 
sought to enable stocks to be held against times of bad har- 
vest. Wheat can be disinfested by radiation before storage and 
the sprouting of potatoes can be retarded, though there is a 
suspicion at present that the crop may then be more liable to 
attack by certain fungi. 


STERILIZATION OF DRUGS AND SURGICAL SUPPLIES 

Many drugs and antibiotics need to be kept at low tempera- 
tures to avoid deterioration and cannot be heat sterilized. In 
many cases, cold sterilization by radiation is both practicable 
and economic, whilst often it may be the only method possible. 
Medical and surgical supplies can be irradiated after packag- 
ing and will remain sterile until they are needed provided that 
the packing prevents the entry of fresh bacteria. Human tis- 
sues, arteries for transplants and bone for orthopaedic surgery 
are difficult to sterilize without damage by conventional 


methods but can be sterilized in sealed packages by radiation, 
as can sutures, intravenous feeding sets and plastic tubing for 
insertion into the body. 


CROSS-LINKING OF PLASTICS AND RUBBER 

Some thermoplastics, which usually melt when heated to their 
moulding temperature, can be processed normally and then 
irradiated so that they retain their shape at elevated tempera- 
tures. Irradiation can be used to improve the strength, temper- 
ature resistance, oil and acid resistance of several plastics. 
Irradiated polyethylene has already found extensive use in 
America, where the tape is used as transformer inter-layer 
insulation. Where considerable heating is expected, electric 
cable can be run at higher temperatures than with most plastics 
and electrical components can be soldered without the risk 
of melting the insulant. 

Rubbers can be cold vulcanized without the addition of 
special chemicals; silicone rubber vulcanized by radiation can 
be used as a gasket material almost indefinitely at 200°C 
without hardening. 


INITIATION OF CHEMICAL REACTIONS 
Many types of chemical reaction can be initiated by radiation, 
which may prove to be the most economical processing method 
in some cases even when it has to compete with conventiona 
methods. : 
The cost of radiation to produce free radicals may well be 
less than the cost of a catalyst such as benzoyl peroxide. 
Reactions stop as soon as the irradiation ends, so it is not 
necessary to remove traces of additives at the conclusion of 
a reaction. Graft polymerization is an expanding field where 
radiation allows certain areas or strata of the base material 
to be activated in readiness for the grafting process. Medicinal 
chemicals are frequently complex molecules whose cost is 
largely due to the high cost of the compounds from which they 
are synthesized; radiation may prove valuable here and the 
processing costs involved may be very small. 





them in a safe manner underground or in the seas. 

If the nuclear physicists should solve the problem of 
taming the hydrogen-helium fusion reaction in the next 
few years, the future nuclear power programme would 
almost certainly be based on the thermonuclear process, 
because the basic materials are freely available in the 
oceans and the atmosphere. Large quantities of radio- 
active waste products would not be produced and the 
difficult task of disposing of them would be eliminated. 
If technologists can harness the vast rate of energy out- 
put of the hydrogen-helium reaction in the next few years, 
much of the present atomic energy programme may be 
scrapped, with the result that the required quantities of 
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to the process can make nonsense of any generalized esti- 
mates of the cost of a particular process. American indus- 
try has found it worth while to use electron accelerators 
in considerable numbers and the demand for such machines 
is increasing. It can only be concluded that costs are not a 
major item nowadays in the many projects in which radia- 
tion treatment can be used to advantage. 

The future of radioactive waste products in industry 
may lie in the bulk treatment of large volumes of chemi- 
cals which can be mixed during a lengthy period of irra- 
diation. The more flexible electron accelerators are already 
suitable for production line treatment of large numbers 
of small products of varying shapes and sizes. 


Irradiation for Industry 





GAMMA RAYS can be obtained from the radioactive 
decays of isotopes such as cobalt-60 or caesium-137. X- 
rays are produced when charged particles are slowed down 
by an absorber, the process being called Bremsstrahlung 
(braking radiation). Electrons produce over a million times 
the output of X-rays produced by protons of the same 
energy, and the efficiency of production increases with the 
atomic number of the target material. Only about 1 pct 
of the energy of 2 MeV electrons passing through organic 
chemicals is converted into X-rays but a gold target can 
transform 30 pct of the energy of 10 MeV electrons. In 
passing through matter, gamma or X-rays lose energy by 
three main processes. At low energies, the photon of energy 
can be absorbed by an electron in the material which may 
then be ejected from its orbit. Between 1 and 5 MeV most 
of the energy is lost by the Compton scattering of the 
photon by electrons in the absorber. Above 5 MeV, an 
increasing proportion of energy produces pairs of elec- 
trons, one negative and one positive. X-rays are very pene- 
trating so it is difficult to absorb a high proportion of 
the energy, except in thick specimens, and a great deal of 
protective shielding is needed. Only deuterium and beryl- 
lium can be disintegrated by photons of less than 5 MeV, 
so for all practical purposes it is not possible to cause 
any radioactivity at energies lower than 5 MeV. 


ELECTRONS are emitted by isotopes such as strontium 
-90, but large power outputs are usually obtained from 
accelerators in which the source of electrons is a heated 
filament. Electrons lose energy in passing through matter 
by two main processes. At energies below 10 MeV, the 
main energy loss is due to the excitation and ionization 
of the atoms of the absorbing medium. Some energy is 
changed into X-rays but it is only above 10 MeV that a 
large energy transfer occurs. Electrons only penetrate small 
distances into solids so shielding problems are not great, 
though the X-rays produced as the electrons slow down 


~ PARTICLES 





TYPES OF RADIATION— 
CHARACTERISTICS AND USES 


may make considerable shielding necessary. Electrons with 
energies below 5 MeV do not cause any radioactivity, so 
materials can be handled immediately after irradiation. 


POSITIVE IONS can be obtained from isotopes but are 
usually produced in quantity by accelerators using a radio- 
frequency ion source in which an electron is removed from 
the atoms of gas in a luminous discharge. Positive ions 
lose energy very quickly, producing ion pairs by knocking 
electrons from the absorber atoms; shielding problems are 
negligible but samples for irradiation by an accelerator 
need to be mounted inside the vacuum system, as it is 
very difficult to get a window thin enough to extract the 
beam. 


NEUTRONS can be obtained from radioactive sources, 
from a nuclear reactor or by bombarding beryllium with 
photons or positive ions, especially deuterons. Huge neu- 
tron fluxes are obtainable inside the shielding of a reactor. 
Because they are uncharged, neutrons can travel very 
great distances through solids and neutron shielding is 
a subject in itself. Neutrons lose energy by elastic colli- 
sions with other nuclei until they are slowed down suffi 
ciently to be captured by a nucleus of the absorbing 
material. The resulting nucleus is usually radioactive 

The efficiency with which energy is imparted to the ab- 
sorbing medium varies widely with the type of radiation 
used. Once this factor has been taken into account, there 
does not appear to be any fundamental difference in the 
efficiency with which chemical changes are produced by 
the various radiations. 

Some of the properties of the main types of radiation 
are tabulated below. Problems such as shielding and toler- 
ance doses for the human body are subjects in their own 
right and any figures given below should be regarded as 
being for general information only. 











WAVES 
Proton Deuteron Helium ion Electron Neutron Gamma ray X-ray 
Mass in grams 1°67 x 10-24 3°34 x 10-24 6°64 x 10-24 9°10x 10-28 ~=—1°67 x 10-24 — — 
Charge in E.S.U. +498 x 1019 +48 x10-19 +96 x107° —4°8 x 10-19 0 — —_— 
How obtained isotopes or isotopes or isotopes or isotopes or isotopes, nuclear isotopes 
R.F. ion R.F. ion R.F. ion heated reactor or bom- Bremsstrahlung 
source source source filaments bardment of Be 
with D 
Penetrability very small very small very small small very large large large 
3 MeV range in air 
(cm) 14°] 88 uF 1100 very large very large very large 
3 MeV range in lead 
(cm) 0°0044 0-0027 0-00055 0°13 — 
Shielding problems negligible negligible negligible small very great great great 
Half value layer 3 
MeV in lead (cm) — oo a a a 1°47 1°47 
Tolerance dose in 
number of particles 0°17 0°17 0°014 68 at 1] MeV 2000 at 0-025 eV 4°2x 10° at 4°2x 10° at 
per sq. cm per sec. 58 at 2 MeV 1] MeV 1 MeV 
Tolerance dose in 
Millirads per week 30 30 30 300 120, thermal 300 milliroent- 300 milliroent- 
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Irradiation for Industry 


MACHINES FOR PRODUCING RADIATION — 
ELECTROSTATIC GENERATORS, 
LINEAR ACCELERATORS 


VARIOUS TYPES of equipment are available which can 
produce the quantities of high energy radiation required 
for various industrial applications. The main types are 
X-ray machines, resonant transformers, electrostatic gen- 
erators and linear accelerators. Though Cockcroft-Walton 
high voltage machines and cyclotrons are available com- 
mercially, they are normally used for university research 
or for medical therapy. The principle on which each type 
of machine operates is described briefly below. 


X-ray machines 
These were the first to be used in this field of radiation 
treatment of materials. In their simplest form they consist 
of an evacuated tube with a filament at one end and an 
anode acting as the target at the other. When a high voltage 
is applied across the evacuated tube, which should also 
provide electrical insulation, the electrons emitted by the 
filament are accelerated across to the anode which they 
strike at a high velocity. When charged particles are 
slowed down rapidly, they give up part of their energy 
as heat, but a proportion may be transformed into X-rays 
of all wavelengths up to that equivalent to the peak 
accelerating voltage. The amount converted into X-rays is 
usually quite small, but increases with the energy of the 
particles and with the atomic number of the target mate- 
rials. An approximate relation for the fraction of the elec- 
trical energy converted into X-rays is 
F=10°X*ZXV 

when F = the fraction converted 

Z = the atomic number of the target material 

V = the accelerating potential in volts 
It has been found that a tungsten target, with an atomic 
number of 74, bombarded by electrons at 100 kV emits 
about 0°8 pct of the electrical energy as X-rays. Efficient 
cooling of the anode is essential to remove the remaining 
99-2 pct of the electrical energy which is transformed into 
heat. To obtain a worthwhile quantity of X-rays, a large 
amount of electric power must be consumed. To aid the 
problem of cooling the target, the anode can be earthed 
and a high potential applied to the filament. Raw a.c. can 
be applied to the X-ray tube which acts as its own rectify- 
ing diode, or a separate rectifier can be installed and the 
X-ray tube used as the second valve in a voltage-doubling 
circuit. A thin window must be provided in the envelope 
enclosing the elements of the X-ray tube to allow as much 
as possible of the radiation produced in the vacuum system 
to be brought out into the air where it can be used effici- 
ently. 


Resonant transformers 

In the resonant transformer, the secondary winding is tuned 
to resonate at the frequency of the a.c. supplied to the 
primary winding. This eliminates the need of an iron core, 
which saves weight and allows the evacuated accelerating 
tube to be mounted in the centre of the windings where it 
is shielded from magnetic fields. The transformer is wound 
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in the form of flat pancake coils stacked with the primary 
at the bottom and the various sections of the secondary 
coil above it. The accelerating tube is made in sections 
matching the thickness of each secondary coil, so that the 
voltage distribution along it matches that in the surround- 
ing secondary winding. 

In the form of this equipment which is available com- 
mercially, the primary winding is fed with 230 volts a.c. 
at 180 cycles per second from a motor generator, whilst 
each secondary winding develops about 10 kV. Electrons 
are produced at the top of the evacuated accelerating tube 
by a filament heated by a coil at the high voltage end of 
the secondary winding. The emission is governed by the 
temperature of the filament and this is controlled by a 
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In the resonant transformer the secondary winding consists 

of a series of flat coils mounted vertically above the primary. 

The secondary coils are tuned to the supply frequency 

which in one type of machine is 180 c/s. Electrons are 

emitted from a heated filament and travel down the accel- 
erator tube in pulses 


variable reactance in the heating coil circuit. The filament 
is biased electrically so that current only flows down the 
accelerating tube when the secondary voltage is near its 
negative peak. This means that the spread of energy present 
in the beam is reduced and very high energy outputs can 
be obtained. The whole assembly is enclosed in a metal 
tank filled with an insulating gas at a pressure of several 
atmospheres to enable the distance between parts at dif- 
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ferent potentials to be reduced. The electrical risk to per- 
sonnel otherwise able to approach exposed parts at high 
voltage is removed. 


Electrostatic generators 

In modern versions of the electrostatic generator, a d.c. 
electric charge is sprayed on to a rapidly moving continu- 
ous belt of insulating material. This passes around two 
pulleys, usually one above the other, and the electric 
charge is conveyed mechanically from the earth end to a 
hemispherical metal terminal mounted at the end of an 
insulating column. The charge is picked off the belt and 
goes on to the metal terminal where it spreads itself 
uniformly on the outside surface. Surrounding this hemi- 
sphere is a large metal tank at earth potential and these 
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electron window — 


The Van de Graaff accelerator is essentially an electrostatic 
machine which works by building up a high charge at the 
top end of the accelerating tube. It can be used to provide 
all kinds of radiation but for irradiation work electrons are 
preferred. With these the beam is scanned electromag- 
netically to give a wide spread across the sample 


two surfaces together form a large electrical condenser 
with a fixed capacitance. As more charge reaches the high 
voltage hemisphere, the voltage across the gap of the con- 
denser rises, until the amount of charge leaking away 
just balances the amount being brought in by the moving 
belt. Electrically charged particles are made available for 
acceleration from a source inside the high voltage terminal 
and these can only escape along an insulating tube main- 
tained at a very high vacuum. The source of particles is 
either an R.F. ion source for use when positive ions are 
required or a metal filament when electrons are needed. 
In both cases, the electrical power required by the source is 
derived from a small generator built into the top pulley 
which is, of course, driven round at high speed by the 
charging belt. The particles are accelerated to very high 
speeds and when electrons are used they can emerge into 
the air with very little loss of energy through a thin alu- 
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A Van de Graaff accelerator with the outer pressure shell 

removed shows the top dome and column section resistors. 

This particular machine is not for industrial irradiation but is 

installed at the Atomic Weapons Research Establishment. 

With a maximum energy of 6 million volts it will be used to 
initiate nuclear reactions 


minium window at the earthed end of the evacuated 
accelerating tube. 

In a 2 million volt commercially available Van de Graaff 
machine, this name being the trade mark of an American 
manufacturer, charge at about 30 kV is sprayed on to a 
belt moving at over 5,000 ft per minute. The hemispherical 
top terminal has a diameter of 15 in. whilst the earthed 
tank has an internal diameter of about 35 in. To obtain 
insulation to 2 million volts across this 10 inch wide gap. 
the interior of the tank is filled to a pressure of 25 atmo- 
spheres with a mixture of four parts of nitrogen to one part 
of carbon dioxide. The 2 million volt machine can provide 
an electron current of 250 microamps, whilst the 3 million 
volt commercial machine produces a current of 1 milliamp. 
The beam is deflected as it passes through an electromag- 
netic scanning coil fed with a voltage alternating at 200 
c/s. It emerges from the vacuum system, through an alu- 
minium window 0-005 inch thick, into the air above the 
testpiece. The beam is less than } in. wide at the window 
and its length can be controlled by the operator so that it 
can be varied from 5 to 15 inches. 


Linear accelerators 

In the early versions of the linear accelerator, open-ended 
cylinders of progressively increasing length were mounted 
in a straight line in the vacuum system. Alternate cylin- 
ders were connected together electrically and a high fre- 
quency alternating potential was applied between the two 
groups. If charged particles are introduced into the end of 
the vacuum system, they will be accelerated towards the 
first cylinder during half the alternating voltage cycle. 
On entering the space enclosed by this cylinder, the par- 
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ticles move at a constant speed along its axis, quite un- 
affected by variations of the potential applied to the enclos- 
ing cylinder. If the length of the cylinder is correctly 
related both to the speed of the particle travelling through 
it and to the frequency of the a.c. applied to it, the phase 
of the alternating voltage will have reversed by the time 
the particle reaches the gap between this cylinder and the 
next one. The particle will be given additional energy at 
each gap if the lengths of the cylinders are such that the 
accelerating particle always takes half the period of the 
a.c. to traverse the distance between successive gaps. The 
final energy can equal the product of the number of gaps 
and the peak accelerating voltage applied to them. To keep 
the equipment reasonably compact, the potential must 
alternate at a very high frequency. Though this principle 
can be used for accelerating electrons or positive ions, the 
lengths of the cylinders must be designed for use with one 
type of particle only. 

In present-day commercial linear accelerators, travelling 
waves of very high frequency are generated by the type of 
power valves used for radar sets. By means of a door-knob 


In the older drift-tube type of linear accelerator (below), 

alternate pairs of tubes are connected to an h.f. system and 

energy is applied to the electrons in the gaps between the 

tubes. Modern linacs use the travelling wave principle (left). 

These are powered by magnetron or klystron valves de- 
veloped originally for radar 
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ally injected in phase with the accelerating wave. The 
heated filament is electrically biased so that electrons are 
only emitted into the wave guide when this bias is momen- 
tarily removed. The electromagnetic fields associated with 
the accelerating waves carry bunches of electrons with them 
along the waveguide so that they are accelerated to the 
phase velocity of the wave itself. A surfboard rider carried 
along by an ocean wave exhibits a similar principle, though 
he travels at the speed of an individual wave. The phase 
velocity of a travelling wave in a smooth-walled waveguide 
can exceed that of light, so metal disks or irises are intro- 
duced into the guide to reduce it whilst maintaining an 
axial component of the field. The electrons and the wave 
can then be made to travel at the same speed. Control of 
the wave velocity and the accelerating field is achieved 
by progressive variation along the guide both of the 
diameter of the irises and of the guide itself. In the first 
section of the guide, the electrons are ‘bunched’ and 
accelerated from about 0-4 to 0-9c. Emergent velocity of 
the electrons is about 0:°99c. To increase the peak power 
flux, the residual R.F. power from the output end of the 


= OO ee ee 





transformer these waves are directed down an evacuated 
wave guide, into one end of which electrons are periodic- 


guide is fed back and recombined in a suitably adjusted 
phase relationship with the magnetron power by means of 





THIS MULLARD linear accelerator can be supplied for a selected 
energy in the range 2-5 MeV, the equipment being set up at the re- 
quired voltage during installation. In general a greater beam intensity 
can be obtained by reducing the electron energy. In a typical machine, 
powered by a 2MW magnetron, the beam energy is 43 MeV, giving a 
mean power output of 850 watts at 500 pulses per second, and electron 
pulse length 1°65 microsec. An X-ray head can be supplied which gives 
a maximum dose of 700 r/min at 1 metre, and a neutron head is under 
investigation at the moment. Mounting of all components is generally 
horizontal, a beam-bending spout being fitted to turn the electron stream 
through 90°, although vertical mounting can be specially provided. 
The whole assembly is housed in a mild steel container as a magnetic 
shield. The magnetron and electron gun are pulsed simultaneously from 
the secondary of a pulse transformer. Tank vacuum is maintained at 
10-8 mm Hg by a 4in. or 2in. diameter oil diffusion pump backed by a 
rotary pump, and vacuum measuring and protection equipment are 
provided. 

The present standard scanning head gives a beam of 8in. by }in. and 
the possibility of a double-headed device for irradiating the specimen 
from both sides simultaneously is being investigated. Calorimetric 
methods are used for dose measurement at present, but Mullard are 
working on a system based on colour change. 

Five of the firm’s machines have now been installed, comprising two 
at Harwell, of which one is for 15 MeV, one 5 MeV equipment to the 
Ministry of Supply for industrial radiography, and two to hospitals, one 
of which is also 15 MeV. Simple irradiation is being performed with 
a machine at Mullard’s research laboratories, and in a few month’s time 
a commercial facility should be available. To date work has been with 
plastics, especially polyethylene, food preservation, curing of silicone 
rubbers and packages for the pharmaceutical industry. 


Production linacs are 
compact, mobile 
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For irradiation, radiography 


and therapy — a modern linac 


SHOWN DURING TESTS at the Trafford Park Works, this Metro- 
politan-Vickers machine is a typical 4 MeV, 1 kW linear accelerator for 
irradiation work. A similar machine is in use by the AEA’s Technical 
Irradiation Group, Wantage, and four clinical units of varying voltage 
have been supplied to British hospitals. Maximum X-ray dose from a 
4 MeV machine is 500 r/min. There are also three machines in opera- 
tion in Australia and one nearing completion for New Zealand. A 
25 MeV equipment is at present being built for Harwell comprising 
six accelerators in series, each of 45 MeV. Powered by six klystrons 
of 6 MW peak power, this will be used for neutron time of flight spec- 
troscopy. 

In the machine illustrated, length of the cylindrical tank is 1 metre, 
and a vacuum of 5 X< 10-5 mm Hg is maintained within it. A surface 
finish of 10 microns was necessary for the irises and for the guide itself 
and tolerance on the principal dimensions was 3/10 thou. Choke coup- 
ling flanges allow the complete accelerator unit, with its water-cooled 
beam focusing coils to be withdrawn for servicing. The R.F. power 
source is a 2 MW magnetron operating at a pulse length of 2 microsec 
and recurrence rates up to 500 pps, thus having a maximum mean power 
output of 2 kW. 

The scanner, constructed in aluminium to prevent residual fields 
being set up, spreads the beam over a maximum length of 12in. and a 
width of 3in.; scanner window is s:in. aluminium foil. In the machine 
being built for the Metro-Vick irradiation facility, the position of the 
scanner will be adjustable so that it can be moved as near as possible 








to the specimen to avoid electron scattering in air. 

Radiation dose is measured from instant current produced in a small 
disk placed in the beam, the machine having previously been calibrated. 
In industrial use, a further measurement can be made by using the beam 
current as the primary in a transformer. 





a ‘ rat-race ’ combining bridge. 

As it leaves the accelerator, the beam has only a small 
cross-section. It is scanned, as in a television tube, by a 
saw-toothed electro-magnetic field, to cover a slit up to a 
foot in length and about + in. wide. The scanner window is 
usually of thin aluminium foil. The radiation emerges as a 
series of pulses which can be spread out to cover a large 
width uniformly. Output powers of several kilowatts at 
voltages up to 10 MeV are readily obtainable with this 
type of equipment. The high frequency used is in the 
region of thousands of megacycles per second, whilst the 
pulses of beam emerge from the machine for about a 
microsecond. The repetition frequency of these pulses is 
usually only a few hundred per second. Like the cyclotron, 
the linear accelerator does not need extremely high volt- 
age insulation internally. 


Cyclotrons 
Charged particles in a magnetic field move, in a plane per- 
pendicular to the lines of force, in circles whose radius is 
proportional to the strength of the field and to the energy 
of the particles. In the cyclotron, a flat circular vacuum 
system is mounted between the poles of a large electro- 
magnet. Two semicircular boxes, or dees, separated from 
each other across a diameter of the vacuum system, are 
connected to the terminals of an a.c. supply operating in 
the megacycle region. Charged particles introduced into 
the gap between the dees are accelerated towards the one 
appropriately charged at that instant, but on entering the 
hollow dee continue at a constant speed around a semi- 
circular path. The frequency of the a.c. is such that the 
particles recross the gap when the original polarity has 
reversed, so they are further accelerated on moving into 
the second dee. The process recurs repeatedly because the 
radius of the orbit increases as the particle gains energy 
so that the time for each half revolution remains constant. 
Many variations of the basic cyclotron principle have 
been built but, although these machines can produce very 
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hard X-rays, the beam currents are usually too small to be 
of use for industrial processing. Considerable skill is 
needed in setting up a cyclotron even to run under constant 
operating conditions and a change to another set of condi- 
tions may involve a great deal of work. 


Cockcroft-Walton machines 

This equipment consists of a series of voltage-doubler elec- 
trical circuits stacked in cascade, the first stage being 
powered by a transformer giving about 100 kV a.c. Electri- 
cal charge is ‘ pumped’ to the top of a column of conden- 
sers in series, up which the d.c. voltage rises in equal steps. 
Condensers in a second column act as temporary storage 
receptacles for the charge as it is being raised to the high 
potential point, this column being connected to the first 
through rectifiers which act as non-return valves, Selenium 
high voltage rectifiers are used nowadays and the whole 
equipment is encased in a pressurized metal tank to reduce 
its size and to protect personnel. The d.c. output has a slight 
ripple with a frequency equal to that of the applied a.c., 
which is usually about 200 c/s and is produced by a 
motor generator. The equipment is normally used to accel- 
erate beams of up to 1 milliamp of positive ions down an 
evacuated tube from the high potential point to earth. 





New Van de Graaff for process work 

First shown at this year’s Atom Fair in New York was a 
new Van de Graaff machine from High Voltage Corpora- 
tion. Designated model GS, it is similar to previous High 
Voltage types but with an energy of 1:5 million volts it is 
designed specifically for production line irradiation process- 
ing and is claimed to produce ionizing radiation for under 
$20,000 per kilowatt. Normal rating for industrial opera- 
tions is 2-5 kW and peak power of 4 to 5 kW is available. 
The electron window is just 66 inches below the base plate, 
making for a very compact installation. High Voltage say 
the new machine was designed to provide effective treat- 
ment in the widest range of potential applications. 
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Irradiation for Industry 


RADIATION DOSIMETRY — 


UNITS AND 


MUCH CONFUSION has been caused in the past by the 
lack of agreement on units for the measurement of radi- 
ation. It has long been known that X-rays ionize the air 
and allow any electric charge on an insulator to leak away 
more quickly than usual. Ionization chambers were con- 
structed in which the rate of alteration of charge on one 
part of the system was proportional to the amount of 
X-rays entering the chamber. The unit of radiation was 
defined as the quantity of X-rays which produced one 
electrostatic unit of electricity in one cubic centimetre of 
dry air at standard temperature and pressure. This unit 
was called the roentgen in honour of the man who dis- 
covered X-rays in 1895. X-rays have found widespread use 
in the realm of medical therapy and the question of relat- 
ing the radiation dose received by the tissues of the human 
body to the roentgen, which is defined in terms of dry air, 
became important. When forms of radiation other than 
X-rays were used, the unit of dosage termed the roentgen- 
equivalent-physical or rep for short, was widely used. The 
rep was that unit of dosage producing the same effect as 
one roentgen of X-radiation. It can be defined in terms of 
an energy absorption in unit weight of material, but the 
numerical value to be assigned to it has been the subject 
of much controversy during its history. 


The preferred unit 

To try to avoid the the confusion resulting from the 
various interpretations of the equivalence of roentgen and 
rep, an International Commission in 1953 recommended 
that a unit to be called the rad should be universally 
adopted. A rad is defined as an absorbed dosage of 100 
ergs of energy per gram of material irradiated. It is in- 
dependent of the nature of the absorbing material, of the 
type of radiation producing the effect and of the intensity 
of radiation incident on or passing through the absorber. 
As long as the result is the deposition in the material of 
100 ergs per gram of the absorbing medium, the material 
is said to have received one rad of radiation. In most in- 


MEASUREMENT 


dustrial work, doses of 10° rads are common and the term 
megarad is used for convenience. 

Because one watt is equivalent to 10° ergs per second, 
one watt-second is equal to 10° gram-rads. Hence one kilo- 
watt-hour of radiation, utilized to the full, will give almost 
800 pound-megarads. This can mean that each of eight 
hundred pounds of material will receive one megarad, or 
two pounds may each receive four hundred megarads, and 
so on. It must be emphasized that this figure can only be 
achieved by absorbing one kilowatt-hour of radiation in 
the specimen under treatment. This may be a very differ- 
ent matter from possessing a source or a machine which 
will emit continuously one kilowatt of radiation. If the 
output is in the form of X-rays, it is difficult to utilize 
more than a small proportion of the output. Electrons, on 
the other hand, are much more easily stopped by materials 
and an electron beam can be contained in a well-defined 
area. If desired, the beam can therefore be directed on to 
a small test-piece and largely absorbed by it, although is 
not easy to utilize more than 75 or 80 pct of the energy 
output of a machine on a production run. 


Measuring the dose 

There is a wide variety of methods of measuring radiation 
doses but many need such careful execution that they are 
impractical as routine tests’. For industrial purposes the 
choice between methods is often governed by considera- 
tions such as the equipment and techniques available for 
other purposes in the establishment. If spectroscopic and 
viscometric measurements can be made as a matter of 
routine, the following three methods can be used to cover 
the range of doses from 10°‘ to 10° rads, in which range 
most of the industrial processing interest lies. 

When a solution of ferrous sulphate is irradiated, some 
of the ferrous ions are transformed to ferric ions. Though 
the solution is colourless in the visible region, the optical 
density at a wavelength of 304 millimicrons, in the ultra- 
violet, varies linearly with the radiation dose received up 


Typical cost of Irradiation using a 4 MeV 600 watt Linear Accelerator (based on a Hire Charge of £50 per 8 hour day) 


Approximate 





Process Typical Estimated Capacity of cost of 
dose Utilization 600 watt machine treatment 
Prevention of sprouting (potatoes) 10,000 rads 50%, 11 tons/h 11/9d/ton 
Disinfestation of grain 50,000 rads 80%, 3-36 tons/h ey ha 
: 50,000 rads 45%, 4,320 Ib/h d/Ib 
Preservation of foodstuffs 0-5 Megarads 45%, 432 Ib/h 4hd/Ib 
Sterilization of drugs etc 2 Megarads 80% (in bulk) 192 Ib/h 74d/Ib 
5% (in phials) 12-0 Ib/h 10s/Ib 
Vulcanization of Rubber 5 Megarads 80%, (in bulk) 77 \b/h 1/8d/\b 
20% (mouldings) 24 Ib/h 5/3d/lb 
Treatment of Plastics 25 Megarads 80% (in bulk) 16 Ib/h 8s/Ib 
25°% (mouldings) 5 Ib/h 25s/Ib 





These figures, supplied by Metropolitan-Vickers Electrical Co Ltd, assume that conveyor system and beam scanning 
arrangements give most efficient use of the machine. With higher-powered machine, capacity would be raised and costs 
lowered in view of reduced capital cost per kW output 
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to about 5 10% rads. The optical density is corrected 
for temperature to give the equivalent value at 20°C. Using 
a 10° molar solution of ferrous sulphate, the dose in rads 
is then given by the formula 

Dose =2°93 x 10° X Optical Density at 20°C 

Although small amounts of impurities can cause large 
variations in the optical density, measurements of the radi- 
ation dose accurate to 1 pct can be obtained by those 
skilled in the technique. 

Many plastics exhibit slight changes of colour on irradi- 
ation. The optical transmission properties of a Du Pont 
coloured cellophane film have been found to vary linearly 
with radiation dose up to about 5 10° rads. A spectro- 
meter can be used to plot the transmission curve of this 
light-blue film and the change in height of the minimum 
in this curve will then measure the radiation dose to an 
accuracy of 5 pct. It is usually necessary to measure 
the piece of film used both before and after irradiation to 
eliminate small fluctuations in transmission characteristics 
due to variations in the film thickness. 


Empirical formulae 


The molecular weight of polymethyl methacrylate, 
usually known in this country by the trade name of Pers- 
pex, decreases upon irradiation. If My is the molecular 
weight originally and M, the value after irradiation, the 
dose in rads is given by the empirical formula 

I l 
10° | —-— rads 

Mr Mo 
The molecular weight can be determined from measure- 
ments of the intrinsic viscosity of a solution of polymethyl 
methacrylate in chloroform, such tests being made usually 
at 25°C. With an Ubbelohde viscometer, the molecular 
weight may be deduced from the empirical power law. 


[7].,=48 10° (M)°"s 


Radiation doses up to 10° rads can be determined by this 
method to an accuracy of = 10 pct. 

Electron accelerators usually provide a_ well-defined 
beam and the spread of electron energies in the beam is 
not large; with a Van de Graaff accelerator the beam is 
virtually monoenergetic. It is usual to spread the energy 
output uniformly over the area being irradiated, either by 
scattering or scanning the beam. The dose received by each 
layer of known weight material can be calculated if the 
energy absorbed by each layer is known. 

The depth of penetration of an electron beam depends 
both on its energy and on the density of the material 
which is absorbing the radiation. The figure shows the 
penetration of a monoenergetic beam of electrons at 
energies of 1 million volts and above. The thickness of 
the absorbing material is given in terms of its weight per 
unit area. For a material of density | gram per cubic centi- 
meter, it will be seen that the maximum ionization occurs 
at a depth of about 0°175 cm or 1} mm. By the time a 1 
million volt beam of electrons has penetrated to a depth 
of 34 mm in material of density 1 g/cc, the curve is fall- 
ing rapidly. The effective range of penetration of the elec- 
trons is often defined as the depth at which the percentage 
ionization curve has fallen to the original value at the 
surface. For material of density 1 g/cc, the effective depth 
of penetration is 34 mm per million volts energy of the 
incident electrons. Over this depth, the amount of ioniza- 
tion varies by 20 pet. If a more uniform distribution 
of radiation throughout the whole of the test-piece is essen- 
tial, a thinner specimen can be used and an absorber 
placed on top of it. If the specimen has a thickness equi- 
valent to half the effective depth of penetration of the 


Dose = 1°11 
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beam and the absorber above it a thickness of a quarter 
of the effective depth, the ionization only varies by 6 
pet throughout the thickness of the specimen, but a great 
deal of radiation is wasted. 

The area under the curve between 0 and 0°35 g/cm: is 
84 pct of the total area under the curve. This means that 
84 pct of the total energy falling on the surface is deposi- 
ted in the effective depth of penetration of the beam. 

The penetration of the electron beam varies linearly 
with the electron energy from 1 to 5 MeV at least. For a 
3 MeV machine, the effective depth of penetration of the 
beam into material of density 1 g/cc is 1°05 cm. By irradi- 
ating material from two sides with 2 MeV electrons, an 
effective penetration of 1-6 g/cm* can be obtained, which 






percentage ionization —» 


effective 


Absorption curve for monoenergetic electrons 


is equivalent to a thickness of 0°63 inches in material of 
density | g/cc. 

Measuring the beam current 

With electron accelerators it is usual to measure the 
total current output by arranging that specimens are irra- 
diated in a Faraday cage connected to earth through an 
ammeter. This system measures the current absorbed by 
the material, that passing through the specimen and that 
scattered back from the front surface. With materials of 
high atomic number, an increased proportion of the beam 
is scattered back from the material, with a consequent re- 
duction in the energy absorbed by the material. However. 
the proportion of the 2 MeV electron current scattered 
back into the air from organic chemicals is low, being less 
than 5 pct in most cases. With aluminium, the percentage 
is about 8 pct, whilst for a material with a high atomic 
number such as lead, the proportion scattered back may 
reach 40 pct. The percentage of the energy lost in this 
way will be less than that of the current which is back- 
scattered, because some electrons will have made many 
interactions with absorber atoms before emerging from 
the surface into the air again. Most of the materials which 
are benefited by electron irradiation are composed of 
elements with low atomic numbers, so the proportion of 
the incident power entering the specimen will usually be 
greater than 90 pct even for 2 MeV electrons. The amount 
of the beam scattered back decreases as the beam energy 
increases. The amount retained depends mainly upon the 
thickness and density of the specimen, as some of the 
energy may pass right through a thin specimen, 
Reference 


1, Radiation Dosimetry, G. J. Hine and G. L. Brownell, London, 1956 
Academic Books. 
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Irradiation for Industry 





THE PURPOSE of an irradiation research plant is to faci- 
litate the study of radiation effects from two aspects: the 


to industrial chemical processes, which may be well-known 
or completely new. The research results will have to be 
related to the economics of plant construction on an 
industrial scale. In particular, it is necessary to realize 
that operating conditions which, from research results, 
give the optimum yield/total dose ratio will not necessarily 
correspond to the full-scale optimum plant operating con- 
ditions as adjudged on a cost basis. As an example, con- 
sider the case of polymerization. Here the rate of poly- 
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A cobalt-60 unit using Atomic Energy of Canada pencils 
shows how they can be closely packed in an annular arrange- 
ment to give a high intensity uniform dose 


merization is roughly proportional to the square root of 
the radiation intensity and, for a given total dose, the yield 
will be inversely proportional to the same quantity. Hence 
the lower the radiation intensity, the more advantageous 
the yield/total dose ratio. 

During irradiation other chemical or physical processes 
may occur as purely thermal consequences of the main 
irradiation-activated process. Thus the irradiation of plas- 
tics and rubbers to crosslink them, at the same time 
renders their surface prone to oxidation at elevated tem- 
peratures. Different results may be expected, in this respect. 
if the polymer is irradiated slowly for a long period of 
time, or rapidly for a short time. 

Study of the design of a proposed full-scale plant must 
be under constant consideration, eliminating certain ‘ re- 
search variables” of the research unit when the optimum 
values of these variable have been established. Thus the 
design of a research unit must make provision, in addi- 
tion to the control of the intensity of the radiation, for 
variation of the usual parameters of chemical reactions, 
namely: temperature, pressure, concentration, atmosphere, 
flowrate and agitation. 


Accelerators and sources 

In the choice between high energy electron generators and 
radio isotopes the basic considerations are: fitness for 
purpose and economics. The design of a research plant if 
it is to have any industrial significance, must therefore 
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SOURCE IRRADIATION UNITS— 
ISOTOPE FACILITIES 


provide all facilities for evaluating technically and econo- 
mically the future production plant. 

For production purposes uniform doses of varied inten- 
sities in large volume will be required. It is not possible 
to provide these from a point source of a linear acceler- 
ator; even if rotation of the specimen to obtain uniformity 
is contemplated this operation may not bear any relation 
in cost to a result obtainable with isotopes. On the other 
hand it is relatively easy to provide, with any configura- 
tion of isotope set-up. a required uniformity in a desired 
volume. 


Some limitations 

In a number of chemical processes controlled conditions 
of temperature and pressures are required; for instance, 
branching during polymerization can be restricted at sub- 
zero temperatures; or other processes can be accelerated 
at higher temperatures, or higher pressures. In engineering 
terms this requires refrigeration coils and pressure vessels 
in the beam of radiation. For this, high penetration is 
needed, and isotopes of cobalt or caesium seem to be the 
logical answer. One can hardly imagine a linear accelerator 
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Cobalt-6C sources for irradiation purposes are supplied 

from Harwell in two forms—l2 mm pellets and 4 mm 

pencils—both encapsulated in aluminium to avoid contam- 
ination from cobalt oxide dust 


being used to penerate a 2 in. steel shell for 1000 atmos- 
phere pressures to provide megarad quantities of radia- 
tion in a volume of several litres, in an economic period 
of time. It may also be difficult to use normal refrigeration 
technique with refrigeration coils near the focal point of 
the accelerator, whereas this will constitute no problem if 
isotopes are used. 

In favour of the linear accelerator one must mention 
the possibility of higher dosage in small volumes (penetra- 
tion can be measured in millimetres only), and the fact 
that linear accelerators can be turned off, while cobalt 
radiation continues all the time in all directions. 

At present there is little to choose in costs between a 
large isotope installation and a linear accelerator. Both re- 
quire the same amount of care and safety precautions, and 
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The 500 curie cobalt-60 
irradiation unit at Tube 
Investments in the work- 
ing position. The source 
is retracted into the safe 
position by the hand- 
wheel—until this is done 
the cover cannot be re- 
moved. Shielding is by 
lead and cast iron 





both require some building operations. Running costs of the 
source unit, however, are considerably cheaper. It is essen- 
tially simple and robust, there is virtually no maintenance 
required, and the equipment can be geared for a 168-h 
week without any special attention. The linear accelerator, 
on the other hand, requires continuous maintenance, re- 
placements of parts, and servicing, if the equipment is to 
work full time. Obviously maintenance and servicing will 
tip the balance in economics very considerably. 


Two kinds of irradiation facility 

Gamma-irradiation facilities in general may be divided 
into two main types—units and cells. In the first, the 
source is retained within a compact shielded structure con- 
taining a shielded irradiation volume which may be reached 








The source pencils are arranged in a ring which provides a 
very intense gamma field at the centre. Pencils are 10 cm 
long, 6 mm dia. 


when the source is retracted into the storage position. The 
working volume of such units is rather restricted and is 
usually most suitable for research or irradiation of small 
compact materials. In the second type of facility the source 
is contained in a storage block and is moved when required 
into an irradiation chamber in the form of a shielded 
room or cell. Such an arrangement is suitable for any 
purpose. Multiple sources may be used allowing the source 
geometry and distribution of radiation intensity to be 
varied at will. 

In a unit utilizing very high source activities for pro- 
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duction purposes conveyor belt irradiation may be car- 
ried out and a suitable remote panel would allow for con- 
trol of such variables as temperature, pressure, atmosphere, 
exposure, etc. A number of automatic safety devices are 
incorporated into the controls of a unit in order to ensure 
that personnel are safeguarded against accidental exposure. 


A compact unit 


A typical gamma irradiation facility of the unit type for 
up to 1000 curies is installed at Tube Investments Hinxton 
Hall Laboratories and this general design can be extended 
for sources up to 10,000 curies. In this example the height 
of the unit is 4 ft 10 in., the diameter 3 ft 3 in., and the 
weight approximately 5 tons. The source is in the form of 
10 cm rods of 6 mm diameter in a cylindrical array in a 
hollow cylindrical source pencil. Specimens may be irradi- 
ated outside the pencil in a cylindrical chamber 18 cm 
high by 30 cm diameter. Small specimens may be treated 
in a radiation field of highest intensity at the centre of the 





Working space inside the irradiator is divided into six 

spaces and totally different tests can take place simultane- 

ously with small samples in glass tubes. Electricity, gas, 

refrigeration and vacuum lines enter through channels in 
the shielding 


source pencil. Provision is made for the insertion into the 
irradiation space of leads carrying gas, power, liquids, con- 
trol circuits, etc. Source exposures may be controlled manu- 
ally or automatically by means of a timing clock. 

When not in use the source pencil is retracted into a 
transportable cylindrical shielding block which may be 
removed from the unit for source replacement. Mechani- 
cal interlocks ensure that the irradiation space may not be 
reached when the source is exposed. Indicators show 
whether the source is exposed or shielded, and the com- 
plete unit may be locked against unauthorized tampering 
with the source, shielded or exposed. The cover of the 
unit is raised by an electrical hoist, the switching of which 
is interlocked with the source raising mechanism, making 
it impossible to lift the cover when the source is exposed. 
A locked direct-viewing aperture is provided for use if it 
is required to extract a radiation beam from the unit. 


A facility for chemical research 


An irradiation unit of the second type has recently been 
designed for a chemical company. Initially it will be fitted 
with a source of 1000 curies, arranged in a hollow cylin- 
der 25 cm deep and with a mean diameter of 10 cm, which 
gives an internal volume of just over a litre. The intensity 
in this volume is estimated to be of the order of 10° r/hr. 
The room in which this unit is to be installed is a dis- 
used air-raid shelter, some walls of which are being re- 
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For a chemical research facility, this unit will house 1000 

curies of cobalt-60 but it can handle up to 5000. Chemical 

apparatus will be arranged round the hole and the source 

raised by pneumatic means after the heavy shielding shutter 
is rolled aside 


inforced to provide the further shielding required for a 
source of up to 5000 curies, exposed within the irradia- 
tion chamber. A labyrinth entrance will be constructed 
from interlocking barytes bricks. A practical point of some 
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importance is the fact that the original concrete is too hard 
to make excavations economical. 


Pneumatic actuation 
The unit itself comprises an internal container which has 
been designed to meet the international transport regula- 
tions for a 5000 curies source, in which it will be delivered 
to the site. Around the container a further shield of barytes 
bricks will be erected to provide additional absorption to 
bring the radiation level down to 6:25 mr/h near the 
surface (for a 5000 curies source). For irradiation the 
source will be raised within a jig above a flat working 
table on which the chemical apparatus will be arranged. 
The source, in section, is a split ring ; this design facilitates 
the entry of services within the internal volume of the 
source. In order to keep the height of the working sur- 
face above the floor to a practical limit, and bearing in 
mind that excavation is not possible, compressed air is 
being used to raise the source, since direct mechanical 
linkages would mean a considerable increase in the over- 
all height. Normally the source will fall to the storage 
position under gravity, at a rate controlled by a pneumatic 
valve; in addition a geared cable fed through a suitable 
gland will provide a direct mechanical linkage with the 
source for the purpose of returning it to its safe position 
in the event of a failure of the pneumatic system, but 
this linkage will not serve to raise the source. The free 
end of the cable will also indicate the position of the 
source. 

The over-all height of the unit will still be approximately 
5 ft. 6 ins., so a false floor is to be installed around it, 
approached by a ramp in the labyrinth; this has the 
advantage of permitting the services, etc., to be led out of 
the irradiation chamber without structural alterations being 
made. 


INSTRUMENTS FOR IRRADIATION 
HEALTH, SAFETY AND CONTROL 


STILL VERY LARGELY EXPERIMENTAL, instrumen- 
tation used at irradiation centres is tending to undergo 
modification as the requirements become clearer, but basic- 
ally three main kinds are needed: 

1. Instrumentation for personal monitoring to provide 
information regarding radiation exposure of all per- 
sonnel at the centre 
Instrumentation for personnel protection for the con- 
trol of interlocks allowing access to the irradiation 
cells 

3. Instrumentation for the control of the actual radia- 

tion exposure of the article or material to be irradi- 
ated. 

Whilst these are three separate and independent require- 
ments, they all involve the measurement of radiation 
exposure, and so basically they could all be catered for 
with a single instrument. In fact, facilities for irradiation 
have so far been so experimental, that the instrumenta- 
tion has been developed to a large extent to meet each of 
these requirements separately. However, it is clear that 
once the facilities become standardized, some integration 
of the instrumentation will take place, and in at least 
some cases all the requirements will be met with a single 
instrument. 

There are two basic methods of measuring the radiation 
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exposure of an operative concerned with radiation facili- 
ties. One method consists in monitoring his location, i.e. 
installing at or near the position he occupies when at 
work an instrument which measures the radiation dose 
received at that point. The second consists in providing 
the operative with a portable instrument which he can 
carry on his person at all times and which measures the 
individual radiation dose by that person. At irradiation 
centres both methods are used, the installed instrument 
monitoring both the cumulative radiation exposure (i.e. 
the total dose for each working period) and the dose rate, 
i.e. the rate of delivery of dose in rads per hour at the 
location concerned. This latter facility is particularly im- 
portant as monitoring the instantaneous dose rate allows 
any undue exposure to be instantly observed and correct- 
ing action taken. In the actual monitoring instrument it 
is usual to provide suitable triggering circuits which oper- 
ate aural or visual alarms if the dose rate rises above 
some preset level which is known to be safe. 

Both types of instrument, the installed type and the 
portable type, almost invariably employ an_ ionization 
chamber as the radiation detector, but whereas an electro- 
meter valve circuit operating a pen recorder or a meter is 
used in the case of installed monitors, the portable instru- 
ments use a quartz fibre electrometer. The result in the 
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roof 2ft thick 


Source movement 
mechanism reactor 


source tube 


Storage position 
of source 





latter case is an instrument of extremely small size-—about 
the size of a fountain pen. 

The range of measurement required is quite low and 
for gamma-irradiation facilities, this means from 0 to 
about 100 millirads. 


Personnel protection instruments 

To understand the purpose of this type of monitor it 
is necessary to describe a simple irradiation cell, (/). This 
cell relates to Co-60 irradiations, and the source is with- 
drawn from its storage position into the working position 
for irradiations by simple mechanical or pneumatic means. 





Personal dosimeters are usually of the quartz fibre electro- 

meter type. These comprise a quartz fibre ionization chamber 

with a microscope by means of which the deflexion of the 

fibre can be read against a graticule. Initially the instrument 

is charged by a special unit but as it receives radiation the 

ionization in the chamber causes the charge on the fibre to 
leak away, the amount of loss indicating the dose 


If this mechanical or pneumatic system could be 100 pct 
reliable, no further monitoring system would be necessary, 
but accidents can happen, and it is to cope with this rare 
but very dangerous incident, that facilities are provided 
for monitoring the dose rate in the irradiation space. With 
the source fully exposed the dose rate will be quite high, 
say 10* rads per hour in a typical case, whereas with the 
source in the ‘ safe” position the dose rate should be rela- 
tively low. Hence, it is a simple matter to provide facilities 
for monitoring the dose rate from this low value (around 


roof 5ft 
thick 






vessel 











working position 
of source 


In the typical gamma irradiation cell, if the source mechan- 
ism were 100 per cent reliable no instruments would be 
needed for personal safety. But since the consequences of 
any source material being left in the cell would be so 
serious, monitoring is essential to check the functioning of 
the mechanism 
values corresponding to the maximum permissible level*) 
to the maximum value of the dose rate in the irradiation 
cell, and thus be able to indicate in the control room, the 
degree of exposure of the source. 


*This is 0-3 rad per week, corresponding to 0-06 r per 8 hour 
day, or 7-5 mr per hour. 
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In the case of Co-60 irradiations, the source may be in 
the form of small pellets of Co-60, and a varying number 
of these pellets may be used according to the degree of 
irradiation required. In such circumstances, the measure- 
ment of the dose rate in the irradiation cell, and the indi- 
cation of this dose rate remotely, provides a convenient 
means of checking automatically that the correct number 
of pellets are being exposed. 

In any practical system interlocks are used as already 
explained which prevent the access door to the irradiation 
space being opened unless the source is in the retracted 
position and the dose rate as measured by the monitoring 
instrument is below the mpl. 

The basic techniques used have been explained for the 
case of the Co-60 irradiation cell, but, in fact, the same 
basic system is used whatever the source of the irradia- 
tion. Thus, if the source of the radiation is a Van de 
Graaff accelerator or a linear accelerator, it is ucual to 
provide interlocks controlling the opening of the access 
door linked, both with the monitoring apparatus in the 
irradiation cell and with the controls for operating the 
machine. 

The design of the monitoring apparatus involves a num- 
ber of real problems because of the range of dose rate to 
be covered, which from the example already given, is 
seen to extend from a few millirads per hour to the order 
of at least a few thousand rads per hour. The most popu- 
lar type of instrument which has been evolved so far is 
to use an ionization chamber as the radiation detector in 
association with a logarithmic type of d.c. amplifier. Such 
logarithmic d.c. amplifiers covering up to seven or eight 
decades of dose-rate measurement have been described by 
R. J. Cox (2) and have found a number of important 
applications, including irradiation cell monitors. One form 
of apparatus based on this method has been described by 
Perry and Washtell (3). It is operated directly from the 
mains power supply and dose-rate indication is provi- 
ded on a single meter (or pen recorder) without range- 
switching irom | mr/h to 10* r/h. Suitable outputs can 
be provided to operate at any desired level for the opera 
tion of the interlocks and, as necessary, alarm circuits. 

It is difficult with existing techniques to design a wider 
range dose-rate monitor although at the expense of fur 
ther complication it may be possible to achieve this using 
scintillation counter methods (4). If it is preferable to use 
the simpler ionization chamber type of apparatus, and a 
good case can be made for this approach, then it may be 
necessary to have two separate monitoring channels, one 
for measuring the dose rate with the source in the ‘ safe” 
position (dose rates around the mpl) and the other measur 
ing the dose rate with source fully, or partially exposed. 
In the case of a linear accelerator this second channel 
would correspond to the machine in operation with maxi- 
mum beam current, or somewhat reduced beam current. 


Instruments for control of radiation exposure 
Instruments are also required for the control of radiation 
exposure. The instrumentation problem varies, however. 
according to the source of the radiation. Thus, in the case 
of a simple source, such as one of Co-60, it is satisfactory 
to standardize the source by suitable dosimetry, and to 
control subsequent irradiation on a simple basis using the 
data from the standardization experiment. This technique 
is obviously only applicable where a fixed geometry for 
the source and material to be irradiated is employed, or 
the geometry is easily calculable. 

In the case of irradiated fuel element assemblies used 
as sources, the geometrical conditions and decay factors 
are not so easily calculable, and, if the disposition of the 
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fuel elements may be changed from time to time, as is the 
case with the irradiation facilities at AERE, then monitor- 
ing of each irradiation may be essential. 

In some cases, e.g. with accelerators it may be sufficient 
to monitor the dose rate and calculate the cumulative dos- 
age over the period of time of the irradiation. In other 
cases it may be necessary to measure the cumulative dose 
directly. This latter means the measurement of dosages up 
to a few million rads in the case of industrial irradiations, 
or up to 10° rads for biological samples. A precision of 

5 pct is often required, but in some cases *10 pct is 
accepted. So far chemical dosimetry methods have been 
employed, particularly for the standardization type of mea- 
surement, but ionization chamber methods are beginning to 
be used, and are essential when each irradiation is to be 
monitored and the exposure time is to be controlled by 
this measurement. 


Chemical dosimeters 

The ferrous-ferric sulphate system of measuring radiation 
dose is, at the present time, accepted (5) by a large body 
of workers as the best chemical method for measuring 
X- and gamma-rays in kilorad doses at dose rates up to 
1090 r/min. It was to be expected therefore that this 
method would find large application in connexion with 
ndustrial irradiation work. Analysis is made, either by 
direct spectrophotometric measurement of the ferric ions 
produced, or by complexing with e-phenanthroline. 

To obtain the necessary data on exposure times for the 
sterilization of food and drugs it is essential to know the 
amount of radiation reaching all parts of the sample. Thus, 
it is an advantage if the dosimeter and the sample have 
the same stopping power to the radiation, and if the 
dosimeter can have the same size and shape in order to 
reduce the effects of poor geometry. The chemical type 
of dosimeter appears to have real advantages from this 
point of view, and both the ferrous-ferric and the ceric- 
cerous systems are deservedly popular. The latter system 
has been shown to give accurate readings for exposure 
doses up to 1-2 <* 10° r. Resorcinol-stabilized chloroform- 
dye dosimeters can be prepared for registering doses up to 
10° r. In this case readings are made by titrating the acid 
formed with 10-*N NaOH containing the same concentra- 
tion of dye solution as the dosimeter system. There are 
many other possible systems which may be used and refer- 
ence to the original papers listed in Hines and Brownell 
should be made for further details, but good as the chemi- 
cal dosimeter methods are, many workers would prefer to 
have a direct reading dosimeter which could be used 
directly to control the irradiation period. The chemical 
method is quite ideal for measurements under laboratory 
conditions, or for standardization work, but it is not at 
all clear that it can be adapted to operate as a plant 
instrument. 


lonization chamber instruments 

Chemical systems have been used for food and drug irradi- 
ation studies, to some extent, because they were available 
and had the right characteristics, and it has been assumed 
in some quarters that ionization chamber methods would 
not be practicable for such purposes. Certainly the design 
of the ionization chamber to operate in these high radia- 
tion fields present real difficulties, as it is necessary to 
arrange the chamber geometry so that it operates under 
‘saturation conditions,’ i.e. all the ionization is collected 
and measured. However, this is a problem which has been 
been studied in connexion with other applications, viz 
radiotherapy and atomic defence instrumentation. In con- 
nexion with the latter application ionization chambers have 
been devised for the measurement of cumulative dosage. 
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which have satisfactory saturation characteristics at dose 
rates up to 10* r/sec. It is not unreasonable therefore to 
consider the design of an ionization chamber system which 
can be moved, mechanically or pneumatically into the 
exact position to be occupied by the sample to be irradi- 
ated, and measure the dose rate with the source exposed. 
This dose rate would be employed for controlling the 
exposure times for subsequent irradiations. Obviously, the 
ionization chamber can be designed to have the correct 
stopping power to the incident radiation, but there is a real 
problem to be solved if the chamber has to occupy the 
same space and be of the same size as the sample to be 
irradiated. The chemical system using a solution of ferrous 
suiphate is far more flexible from this point of view. How- 
ever, the effect of this limitation in the case of the ioniza- 
tion chambers depends markedly on the geometry em- 
ployed. If the geometry can be good (i.e. intensity fairly 





This doserate meter covers the range from | milliroentgens 

to 10,000 roentgens an hour without switching. Probe unit 

to the left comprises an ion chamber and head amplifier 
and can operate 50 feet away from the indicator set 


uniform over the sample) the limitation may not be a seri- 
ous one. Hence it seems possible that in the future, ioniza- 
tion chamber methods may be employed on a larger scale 
for controlling the irradiation times, and the same detector 
system may then be employed for personnel protection 
(i.e. control of access doors, etc.) as well as the control 
of the irradiation times. 

Of course, with a subject so much in the * formative’ 
stage, as this one is, other techniques may be adopted as 
time goes on. Thus, to avoid problems of unsaturation. 
it may be worth while considering the use of vacuum 
ionization chambers. Such chambers can be used at very 
high intensities without involving ionic recombination dif- 
ficulties, and this system would therefore provide a possible 
means of extending the range of dosimeter measurements 
upwards. 

In the introduction, possible integration of the health 
monitoring instruments with the control instruments was 
mentioned. Clearly at least one more detector system would 
be necessary for monitoring the health hazard in the work- 
ing space around the irradiation cell, and so this require- 
ment would be best met with a separate instrument. How- 
ever, the health hazard monitoring in the actual irradia- 
tion cell, which must be entered for the setting up of the 
material to be irradiated, or for servicing, can, in prin- 
ciple, be a function of the ‘control’ detector, and so 
integration of all three functions is clearly possible and 
will probably come as equipment becomes standardized. 
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Irradiation for Industry 


THE TECHNOLOGY OF IONIZING 
RADIATIONS : 
HOW HARWELL PLANS TO DEVELOP 


MANY OF THE EFFECTS of ionizing radiations on 
matter have been known for some decades; in fact, it was 
before the end of the last century that X-rays were shown 
to be capable of sterilizing bacteria. However, only in re- 
cent years has it been possible to contemplate the use of 
these radiations on a sufficiently massive scale to make 
them commercially significant. 

There are two general methods of obtaining ionizing 
radiations on a large scale. Firstly, from electrical mach- 
ines which accelerate electrons and other particles, and 
secondly from radioactive isotopes derived in several pos- 
sible ways from reactors. Present developments indicate 
that there is a place for both these general types in indus- 
trial applications. The machines are able to produce a 
higher intensity of dose deposition than is currently pos- 
sible from radioactive sources and, where the lower pene- 
tration of the accelerated particles can be tolerated, they 
may be used with high efficiency. On the other hand 
gamma ray sources are capable of dealing with bulk 
materials and processes which are being carried out inside 
the thick walls of pressure vessels. The fact that the radia- 
tions from cobalt and fission products have too low an 
energy to induce any nuclear changes is becoming more 
generally appreciated, but it is not always realized that 
attempts to obtain greater penetration by accelerating elec- 
trons up to the 10 MeV region and above bring in their 
train a danger of encountering an increasing number of 
possible nuclear transformations to radioactive isotopes in 
the target material. 

It is difficult to compare the cost of the two processes in 
the present state of the art because the cost of the radio- 
active materials is virtually impossible to assess accurately. 
The cost of separating caesium-137 from the other fission 
products will not be known until a large plant has been 
built and operated. Laboratory scale experiments can be 
carried out with sources of 100 curies or more but for 
any industrial application the source size must be more in 
the region of 50,000 to 500,000 curies. It is possible to cal- 
culate the times and quantities of radioactive fission pro- 
ducts which will arise from the nuclear power programme, 
but none of these will be separated on a large scale until 
about 1960. The currently operating fission product separa- 
tion plant for caesium is producing 1000 curie sources of 
caesium-137 for teletherapy units only. 


A far-sighted move 

Practically all present experimental irradiations are from 
cobalt-60 which has been produced in one of the British 
reactors. There would not even have been the present 
supply of low specific activity cobalt had not Dr Selig- 
man, the Head of the Isotope Division, Harwell, realized 
some years ago the potential importance of massive irra- 
diation and arranged for the cobalt to be put in the re- 
actors long before there was any general interest in the 
project. Not only did Dr Seligman arrange for the cobalt 
to be placed in the reactors, but two and a half years ago 
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he set up a new group at Harwell, called the Technological 
Irradiation Group, to act as a focal point for development 
work on radiation technology, so that by the time the 
really massive sources would be available there would be a 
number of techniques already developed. Only by making 
an early start has it been possible to establish a ready 
market for the radioactive materials amongst industrial 
firms. 

While the new Technological Irradiation Group com 
prised of a handful of workers it remained on the main 
site at Harwell, but it soon became apparent that it would 
grow fast not only in personnel but in the number of 
large sources which would be required for the work. On 
both these counts it was decided to move the Group away 
from the main Harwell site and fortunately an airfield near 
Wantage was just being closed down. The site was par- 
ticularly suitable because there were two large hangars 
with reinforced concrete floors which formed ready-made 
foundations for the construction of the heavy concrete 
shields required for the large radioactive sources. The new 
unit is called Wantage Radiation Laboratory and it is 
planned that other groups of the Isotope Division will 
move there later, namely the Physics and Chemistry 
Groups and Isotope School. 

One of the cardinal points of the policy of the TIG is 
that it should work as closely as possible with industry 
and the present shortage of large radioactive sources has 
been an unexpected help in this connexion. It was decided 
not to fritter away the existing cobalt amongst the numer- 
Ous interested parties, but to concentrate as much as pos- 
sible at the new site and to invite industrial concerns to 
attach some of their experienced staff members to work 
there side by side with other members of the Group. This 
arrangement has worked well for all the parties concerned. 
The firms themselves have been able to start work on the 
applications of massive radiation much more quickly and 
the projects being chosen by the firms themselves are 
naturally centred on those processes which will have the 
highest ultimate commercial importance. 


Industry represented at TIG 
At present there are ten scientific staff members secon- 
ded from industrial firms which pay for the overhead ex 
penses incurred, amounting currently to about £4000 per 
annum per man. In general there is a good deal of discus- 
sion on technical matters between attached staff and the 
permanent members of the TIG and this appears to have 
accelerated the progress of all concerned. At first, there 
was a little apprehension about the safeguarding of com- 
mercial security on any discoveries which might be made. 
In practice the problem is not a serious one because in 
general each attached scientist has his own office and 
laboratory and usually a special source is set aside for his 
programme. 

The work of the TIG falls into two main categories. 
the physico-chemical effects of radiation and the biologi- 
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cal effects. Although there is a competent staff of bio- 
chemists, entomologists, histologists and plant geneticists, 
etc, there has been a clear policy of collaborating as far 
as possible with other bodies expert in the specialist fields 
concerned. Over and above this collaboration between 
establishments, there have been appointed a number of 
consultants who are recognized as eminent in their fields, 
and some of these consultants have been formed into 
panels to advise on the technical policy of the Group. 

The sources at Wantage Radiation Laboratory comprise 
at present one 4500 curie source and six smaller sources 
up to 2000 curies each. During the next few months, an 
additional large source of about 10,000 curies wili be 
installed together with an additional ten smaller cobalt 
sources. In addition to the radioactive sources, there is 
a 4 MeV linear accelerator which has been supplied by 
Metropolitan-Vickers. This machine is giving about one 
kilowatt in the beam and it is expected that this power 
level will be increased. 


Plan to use spent fuel elements 

On account of the present shortage of radiation sources, 
arrangements have been made to use the spent fuel ele- 
ments from the high flux reactors DIDO and PLUTO from 
about the second to the hundredth day after withdrawal! 
from the reactors. The spent fuel rods will be stored first 
of all in the dry stores within the reactor shells and then 
transferred to a pond in a building in the near vicinity. 
When both pibDo and Pluto have been operating for some 
months, there should be about 150 rods present at any 
one time in this spent fuel rod assembly, giving a total 
activity of approximately three million curies. Altheugh 





In the 4500 curie irradiation cell, articulated sources are 

pushed along the tubes by steel cable from the concrete 

storage block into the operating position within the irradi- 

ation jig. The boards held between the four central tubes 
contain holes for chemical dosimetry 


this massive source will be invaluable for some experi- 
mental and minor pilot plant work, it is not looked upon 
as a model for an industrial irradiation unit. For one 
thing a fair proportion of the time would be spent in re- 
arranging the decaying fuel rods and in replacing them 
with fresh ones. Furthermore, the practicability of the 
whole arrangement is largely dependent on it being along- 
side reactors which will supply the fuel elements. 

Later types of reactor, such as the high temperature 
gas cooled type, may well provide a much more practical 
source of gamma radiation from gross fission products. In 
this case it may be possible to utilize the short-lived gaseous 
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Source tubes lying in a trench prior to filling during con- 

struction of the storage block. The source tubes are grouped 

round a larger tube in which small packets can be irradiated 

while the sources are withdrawn from the cell into the 
storage block 


elements by absorbing them on to a carbon bed which 
would become a gamma ray source. One can envisage an 
industrial plant being built round such a reactor which 
would act, in the first place, as a source of thermal pro- 
cess heat and then, possibly equal in importance. as a 
source of gamma rays for stimulating the chemical reac- 
tions employed in the plant. 

Other designs of reactor using homogeneous fuels might 
be engineered so that either the gamma rays from the 
fuel loop itself could be used, or so that plant for the 
continuous extraction of fission products would embody 
a means of using the gamma ray energy. 

With 10,000 curie sources it is possible to go a long 
way towards determining the technical feasibility of an 
industrial process using radiation, but with the present 
state of knowledge, one cannot extrapolate with certainty : 
in consequence, the TIG is planning to install a small 
pilot plant unit embodying half a million curies of 
cobalt-60. A plant of this magnitude would be adequate 
either for pilot runs on chemical reactions or on the irra- 
diation of packaged products. Since the two types of pro- 
duct handling are so different it would be most impractic- 
able to attempt to use one unit for both, and so it it hoped 
that a second plant will quickly follow the first. 

There are already several items in the broadly based 
programme of the TIG which are approaching the stage 
requiring large scale evaluation. Other topics are showing 
promise and we feel that within a short time there will 
be a greater demand for the large sources than the avail- 
able supply. 
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Irradiation for Industry 


BRITISH GAMMA FACILITIES 
SOME IRRADIATION SOURCES 


In the preparatory stages to the full-scale use of ionizing radiations for effecting 
chemical and biological changes in materials, several British companies and insti- 
tutions have already installed shielded cell facilities in which powerful gamma 
sources are used. At the moment these are all cobalt-60, but it is hoped that in a 
few years adequate quantities of caesium from fission products will be available. 
Cells are used for two broad purposes: testing the resistance to radiation of 
materials that could be used in nuclear energy plants; changing materials by irradia- 
tion to improve their usefulness in normal applications. 


Organic chemicals 
and plastics 


IN THE RADIATION LABORATORIES of Monsanto 
Chemicals Ltd at Newport, Mon, there are two separate 
100-curie cobalt-60 sources. Designed primarily for study- 
ing the effect of gammas on materials such as plastics and 
for using the radiation to promote chemical reactions, they 
are being used at the moment for research in the formation 
of high polymers. With small modifications, a 500-curie 
cobalt source or 1000 curies of caesium could be used, 
as could small beta sources for similar studies. 

The cobalt sources are contained in two mirror-image 
cells. These were originally developed at Harwell early in 
1953 when Dr Skinner of Monsanto and Dr Roberts of 
the AEA were working in collaboration. Monsanto was in 
fact the first company to build a facility of this type com- 
mercially. To reduce the activity level in the laboratory 
proper to one tolerance (0°3 rad/40h), at least 42 in. of 
dense concrete is needed. At Newport the cell walls are 
in fact considerably thicker than this and are constructed 
of concrete blocks, average size 18 in. by 9 in. by 6 in., den- 
sity 2:2, staggered horizontally and vertically and mortared 
with a specially dry mortar. For the shield proper where 
it was impracticable to use blocks, poured cement was 
used as filler with iron filings added to increase its ab- 
sorptive capacity. Entry is by a grilled iron gate into 
a labyrinth passage. With the use of mirrors, the working 
space may be observed from the gate. 


Electric or hand operation 

Built into the shield are a number of service tubes in 
stainless or Monel, not all of which are actually in use at 
present. The sources are housed in curly tubes, S-shaped 
in horizontal section and parabolic in the vertical, the curl 
in two planes preventing direct shine-out of gammas. An 
alternative access plug is provided in each cell to allow 
the source to be used when in the rest position at the 
shielded centre, although in fact this has been very little 
used. If elaborate equipment were being set up in the 
working space, it would allow full use of the source to 
be made all the time. Other service ducts are fitted to 
bring thermocouple leads, pressure indicators etc. to the 
front fact of the shield. Exhaust ducting in the working 
space also serves to keep the temperature constant. 
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Cylindrical cobalt pellets are contained in a steel cylin- 
der | in. dia. and 5 in. long, supplied complete by Harwell. 
This is attached by a Bloctube ball and socket joint to a 
Teleflex cable, driven in the curly tube by a drum with 
a worm and wheel attachment. The source drive can 
be operated either electrically or manually and there are 
both electrical and mechanical interlocks consisting re- 
spectively of microswitches and an ingenious arrangement 
of Chubb locks. These ensure that the source cannot be 
driven into the working space until the iron gate is closed 
and locked. As the gate is closed, the light in the working 
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space is extinguished, and a bell rings when the source is 
driven forward. The mechanical interlocking system works 
as follows: the key of the gate cannot be removed until the 
gate is locked, and the wheel of the source drive is held 
in the ‘shielded’ position by a lock requiring the same 
key; similarly the key cannot be removed from the drive 
when the source is exposed. The alternative access plug 
has a similar system whereby it can only be withdrawn 
from the shield for loading when the source is well inside 
the shield. Position of the source within the shield is 
indicated by a marker attached to an exposed portion of 
the drive cable. 


Automatic fire extinguishing 
Other safety precautions consist of a Labgear high-level 
gamma alarm which comes into use when the gate is 
opened and rings a bell if the level exceeds 2C tolerances 
in the working space. This has been provided in case the 
source should become detached from its cable and fail to 
be retracted into the shield. Personnel wear the usual film 
badges and anyone entering the working space carries a 
hand monitor. In case of fire, damage to the source might 
occur with subsequent contamination so an automatic car- 
bon dioxide system has been fitted to a design by Pyrene. 
Fusible links at intervals in a wire running along the ceiling 
of the working space would melt at a temperature of 70°C 
and a system of weights and levers would operate the 
cylinder. Carbon dioxide would then enter through three 
nozzles at waist level. 

Either a horizontal or a vertical source tube may be 
used, depending on the type of experiment. Doses varying 





Operation of the twin Monsanto cells is from a single con- 

trol point. Movement of the source units is either by motor 

or handwheel, full interlock by captive key with the cell 

doors being provided. Above, are a pair of gamma alarm 

units. Left is an alternative access plug with support for the 
plug when it is withdrawn 
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Construction of Monsanto’s facility is high-density concrete 
blocks; space around source tubes was filled by concrete 
aggregated with iron filings. Note how one curly tube passes 
through large diameter alternative access tube: here speci- 
mens can be irradiated when source is in ‘safe’ position 


from about 250 to 1000 r/h may be given and are mea- 
sured by dosimetry. 

So far the facility has only been used as a research tool 
for improvement of existing manufacturing processes used 
at Monsanto in the field of plastics, using the source to 
produce new materials rather than changing the properties 
of existing ones. The great advantage of irradiation tech- 
niques here is that the reactions can be induced at room 
temperatures. But although some interesting and useful 
results have been obtained, the development of economi- 
cally attractive processes based on radiation, and which 
cannot be accomplished by alternative methods, still 
appears an unattained goal. 


Rubbers 
and rubbery materials 


VULCANIZATION of rubber by gamma irradiation is 
one of the three main lines of research at the Dunlop re- 
search centre in Birmingham. For the last hundred years 
vulcanization, which induces the molecular cross-linkages 
required for dimensional stability, has been performed by 
the sulphur process. In gamma-induced vulcanization, 
which requires a dose of the order of 5 107 rads, the 
linkage is between carbon molecules of the hydrocarbon 
which is stronger than the normal carbon-sulphur link. 
Also, as a very long term prospect, it is possible that the 
radiation method may be economically competitive. Radi- 
ation may also compete with the classical process in the 
field of polymerization: here the advantage is increased 
control of the reaction. The third type of work at Dunlop 
is the search for new materials, and graft polymerization 
in elastomers and rubbery materials is being studied. 

The facility houses six source tubes, three of which are 
in use at the moment and contain 100 curies of cobalt-60 
each. Ultimately it is hoped to have a kilocurie, distri- 
buted evenly between the six tubes. By means of special 
swivel joints, the ends of the tubes may be arranged in 
almost any configuration, including circles of varying 
diameter and a straight line, and used together or as 
separate sources. The dose rate right against any one tube 
is 2 x 105 r/h. 

An unusual feature of the cell itself is its extra wide 
labyrinth. Designed specially for easy source loading, and 
to allow large scale apparatus to be assembled in the work- 
ing space, the passage is everywhere between 3 and 4ft. 
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At the Dunlop cell there are six source tubes which could 
eventually share a kilocurie of Co-60 between them. Tubes 
can be swung round to give various configurations 


wide, while the working space itself is 6ft. wide. These 
dimensions were achieved by inserting mild steel blocks at 
the safe storage position in the centre of the concrete 
shield, which itself is 7ft. 6in. thick. Although the labyrinth 
contains 24+ right angles, shine-out of very soft gammas 
can still be detected and these are stopped by a plywood 
door interlayed with 2 mm lead sheeting. A lead glass 
window and the usual mirror system enable experiments 
to be observed from outside. 

The mechanical interlock safety mechanism is supple- 
mented by an independent electrical system which is con- 
trolled both by source position and a high level gamma 
alarm. To ensure that the operator always inspects the 
working space before exposing the source, a second gate is 
fitted across the hot end of the labyrinth which has to be 
locked and its key removed before the outer door can be 
closed. On the outer door there is, in addition to the nor- 
mal Chubb lock, an electrically operated stop. This can 
also be operated mechanically and is held in the locked 
position until freed with the key to the inner door. 

The source drive consists of six Teleflex cables attached 





The barred gate at Dunlop has now been replaced by a ply- 

wood door. Tracks over door are directly connected to the 

six source systems: metal tags move along to show exact 
position of source in its tube 
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by the usual ball tube joint to the actual source unit sup 
plied by Harwell. All six are operated from the same hand 
wheel. Each time the sources are exposed or withdrawn, a 
microswitch on the Teleflex operates the Labgear gamm: 
alarm as a test that the geiger tube is in order; when the 
sources are withdrawn, the bell and red light of the alarn 
cannot be switched off if the level is high. The gamma 
alarm also operates the electrical stop on the outer door i 
there are gammas in the working space. 

For the rare occasions when a new source unit has t 
be loaded on to the Teleflex, a second key to the inter 
locking system is available so that the cable to be loaded 
can be driven into the working space while the door i: 
open. 


Hydrocarbons 
and petroleum products 


AT THE THORNTON RESEARCH CENTRE of Shell 
Research Ltd, an irradiation cell was designed with advice 
from Harwell and built about 18 months ago. The first 
objective was to study the effects of ionizing radiations 
on a range of hydrocarbon mineral oils and greases and 
some synthetic fluids, the aim being to develop a lubricant 
suitable for use in nuclear power plants. Much of this 
work was done in a neutron flux in BEPO at Harwell but 
it has been found that the exact type of radiation—elec- 
trons, gammas or neutrons—has little effect on the mole- 





At Shell’s Thornton research laboratories a single cell con- 
taining a 240-curie Co-60 source is being used to test the 
radiation resistance of lubricating oils. Tubes in the far 
corner provide services for experimental work. Minor prob- 
lem encountered is the browning of light glasses by the 
radiation—so far, only solution is replacement 


cular changes produced and it was possible to correlate 
experiments using these types. Some of this work has 
recently been reported (IMechE Conference on Lubrica- 
tion and Wear, Oct 1957, Paper 70, V. W. David and 
R. Irving). 


Improved oils 

Briefly, it was found that, using viscosity as a criterion of 
radiation damage, aromatic compounds naturally present 
in refined mineral oils have a beneficial effect whilst oils 
of high viscosity (and molecular weight) are less stable 
than those of lower viscosity. Some improvement can be 
made with various aromatic additives but on the whole 
the effect is small. For example, at a neutron dosage of 





NUCLEAR POWER DECEMBER 1957 





Sot 
opt 
me 


f 


stc 
wi 
dis 
po 















a w------— 23 ek322>5 
Cofs — 

source > mirror 

operating —=—ventilating 

mechanism uct 








working area 8x6ft 















































removable concrete block 
with lifting eyes cast in 
2 




















Ns : 7 Z 
SINT AES 


The Shell cell was built inside an existing building. This is 

soon to be demolished to make way for a new block which 

will be built round the cell. The concrete plug in the roof 

would be removed and the cell flooded with water if by 

any chance a live source were left in the cell after with- 
drawal of cable 


1-77 x 10'8 per cm*, a paraffinic solvent-extracted bright 
stock of relatively high viscosity was completely solid 
while at the same dose, a solvent extract of naphthenic 
distillate containing a high proportion of aromatic com- 
pounds had only increased its viscosity by 3-4 times. 

Already these improved oils are in use at Calder Hall 
and are to be supplied to Bradwell power station when 
it is completed. This work however continues and Shell’s 
irradiation facility will also be used for further applica- 
tions to nuclear energy processes. 


Design for kilocurie sources 

The cell at present houses a single cobalt-60 source of 
240 curies but has been designed to accommodate safely 
kilocurie sources when they become available. It was built 
in the corner of an existing corrugated steel building but 
this is soon to be removed and a new radiochemical 
laboratory building erected around it. 

A working space of 8 ft square and 7 ft high is pro- 
vided, entry being by a labyrinth passage. Walls and roof 
are 4 ft thick concrete in the most active parts with 2 ft 
thickness elswhere. Construction is of dense vibrated con- 
crete blocks, laid in such a manner that all bonds—hori- 
zontal as well as vertical—are staggered. Inside, the walls 
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are plastered and finished in strippable paint, the floor 
being covered in linoleum. 

There are three 1 in. dia stainless steel serpentine source 
tubes, only one of which is in use at the moment. These 
are cast into a 5 ft 6 in. deep block of concrete loaded 
with steel punchings. Support for the roof across the 
working space is provided by a pair of steel joists which 
also serve as an anchorage for tackle when hoisting heavy 
items. Pipes for services such as water, gas, air, vacuum, 
steam etc. enter the cell at high level and there is a built- 
in water drain. Lighting is by bulkhead fittings and a 
spotlight used in conjuction with a mirror system to give 
a direct view of the experiment. Since some experiments 
involve inflammable materials at high temperatures a CO. 
system is installed operated by a fusible link over the 
centre of the cell. A fan extract system is fitted to a laby- 
rinth duct in the roof. 


Manual operation 
An unusual feature of the cell is the provision of a re- 
movable concrete block stepped into the roof over the 
centre of the cell. The object of this is removal of the 
source unit should some mechanical failure occur which 
made it impossible to retract it. In such an event the 
door would be sandbagged, the cell flooded with water and 
the source removed by remote handling tools through the 
roof aperture. 

The present source consists of six standard cobalt 12 mm 
pellets sealed in aluminium capsules contained in a stain- 
less steel cylinder about 5 in. long and ¢ in. o.d. This was 





Three curly tubes were fitted at Thornton although only one 

is used at the moment. Space around was poured with steel- 

punchings aggregate cement. Note staggered concrete block 
construction 


supplied from Harwell complete with a short length of 
flexible cable terminating in a Bloctube ball-end for pick- 
ing up with a corresponding socket at the end of the 
Teleflex cable. The control position outside the wall has 
a handwheel for each of the three tubes, a distance indi- 
cator being fitted above each. Manual operation was pre- 
ferred to motor since any binding would be immediately 
apparent before irreparable damage was done. This panel 
is locked by the door key which is held captive on a chain 
attached to a ring sliding on a bar at ceiling height. The 
key cannot be removed from the door when it is open 
nor can it be taken out of the actuating panel when the 
source is exposed. In addition.to the source position indi- 
cators or the panel, there is a full-scale indicator above 


511 











Here is how the source tube was loaded at Thornton. The 

source tube is fitted temporarily with a bell mouth. The 

Teleflex cable is coupled to the ball joint and the source 

pulled from the container into the tube. Once in the ‘ saf>’ 

position the bell mouth is removed and the normal blind 
tube end fitted 


the door. When the steel door with glass window is closed 
the lights in the cell dim, thus warning anyone who was 
inside, If by some mischance this did happen he could 
sound a horn from inside but even if this failed to attract 
attention the radiation level just inside the door with the 
source exposed is below tolerance. 

Indication of activity in the cell is given by a Labgear 
type 1429A high level gamma alarm unit (NUCLEAR POWER, 
Feb 1957), the head unit of which is mounted in a lead 
case on the wall near the source. This incorporates warn- 
ing lights and a bell and thus provides an independent 
check on the mechanical system and an assurance that 
nothing untoward has happened to the source holder. As 
a final precaution, it is a rule that the first man in after 
the source is retracted carries a portable radiation mon.tor. 

A typical irradiation experiment consists of treating a 
collection of samples. These are contained in special glass- 
ware bottles of trapezoidal cross section so that they fit 
closely round the source and utilize to the maximum the 
radiation. Most of the equipment has been made in the 
laboratories, only a few items being obtained from outside 
sources. 


Activation of catalysts 


THE FUEL RESEARCH STATION of the Department 
of Scientific and Industrial Research at Greenwich, Lon- 
don, has for some time been using a gamma irradiation 
cell for studies on solid catalysts—particularly those of 
interest in the Fischer-Tropsch synthesis of hydrocarbons. 
Marked increases in catalytic activity were recently re- 
ported from irradiating unreduced iron oxide (mill scale) 
impregnated with potassium carbonate and calcined for 
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4 hours at 1000-1300°C. Doses were in the range 10-5) 
Megarads and increases of catalytic efficiency of from 1) 
to 40 pct have been achieved. 

The irradiation cell at Greenwich has a working space 
of 4 ft by 6 ft by 7 ft high and contains a 100 curie cobal!'- 
60 source in a serpentine tube. Walls are 42 in. thick in 
precast concrete blocks with a simple labyrinth entr, 
closed by a barred gate. Source tubes and service tubes 
were laid between the blocks and cast in barytes concrete 
A 3 in. tube runs through the wall to a point near the 
storage position of the source in its serpentine tube thus 
allowing an irradiation facility when the source is * safe.’ 
This hole enlarges to 4 in. at the entry and is sealed by 
a stepped steel plug. 

Two source tubes are installed although only one is 
at present in use. These are curved in a horizontal plan 
inside the shield but the final curved section inside th« 
cell is attached by a union which permits it to be swung 
into any convenient position. The source container is a 
stainless steel cylinder 3 in. by 0°5 in. dia and it is con 
nected by Teleflex cable to a control box outside the cell 

Operation is by handwheel, a mechanical interlock being 
incorporated which ensures that (1) the source cannot be 
introduced into the cell until the gate’ is bolted and (2) 
that the gate cannot be opened while the source is ex 
posed. The side tube is also protected. This is done by 
a lock, the key for which can only be obtained when 
the source is in the cell. In addition to the mechanical 
interlocks there is a system of audible and visual alarms 
Outside the cell there is also a manually-operated warn 
ing light which all staff entering the cell must operate and 
leave on until they come out. As a final precaution against 
any activity in the cell, after withdrawal of the source, 





This cell at the Fuel Research Station—seen here in con- 
struction—has already shown that irradiation may be used 
to improve catalysts. Two source tubes are fitted with an 
alternative access tube. Note how Teleflex cables continue 
outside cell to give direct indication of source position 


it is a rule that the first man in carries a portable monitor 
to measure the dose rate. All staff on the facility carry 
film badges and personal dosimeters are also used. 

Some of the work is with quite complicated apparatus 
operating at elevated temperatures and pressure and some- 
times involves industrial staff. Thus the safety precautions 
built in have been designed to combine completeness with 
simplicity and robustness. 
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Irradiation for Industry 





BRITISH MACHINE FACILITIES 
SOME INDUSTRIAL UNITS 


Ionizing radiations may be produced by several different kinds of machine but 

so far only two types have assumed practical importance in this country—the Van 

de Graaff electrostatic generator and the travelling wave linear accelerator. Several 

companies are interested in this approach and. NUCLEAR POWER has made a 

survey of some typical installations. Already at least two companies are actually 

supplying irradiated products on a pilot production scale and this can be expected 
to develop as technical and economic experience is gained 


Plastics and polymers 


THE RADIATION SECTION of Tube Investments Re- 
search Laboratories at Hinxton Hall, near Cambridge, has 
four sources of radiation: two X-ray machines, a cobalt-60 
source and a 2 MeV electrostatic generator. The X-ray 
machines are used mainly for the surface irradiation of 
materials and for the irradiation of gases in thin walled 
vessels. The cobalt-60 source was supplied by Nuclear En- 
gineering Ltd and is described by Dr Beard elsewhere in 
this issue. The 2 MeV Van de Graaff, model AK/S, 
marketed by the High Voltage Engineering Corporation 
of Massachusetts, can accelerate either positive ions or 
electrons and can also produce neutrons or X-rays. Over 
the last two years this machine has proved to be extremely 
reliable, being available for use for over 75 pct of the 
time, and spare parts are readily obtainable. It will give 
500 watts of electron power and has proved suitable both 
for the irradiation of specimens in different research pro- 
grammes and also for pilot production runs. 


Horizontal conveyor belt system 

The machine is used mostly with electrons, specimens 
passing through the irradiation zone on a horizontal con- 
veyor belt. The belting must be of a material which is un- 
affected by radiation and metal mesh or slats have proved 
to be satisfactory. As the output of the machine, and hence 
the dose received by the samples, is measured electrically, 
the conveyor belt passing through the beam is electrically 
earthed only through a meter which measures the beam 
current reaching it. It is customary to irradiate specimens 
inside a metal Faraday cage in order to include the beam 
current which falls on materials which are electrical insu- 
lators. The beam passes through a slit in the top of a long 
low cage attached to the insulated conveyor belt. Electrical 
insulators become electrically charged but an equal charge 
is induced on the Faraday cage and the meter reading of 
the current flowing to earth is increased to include the 
amount absorbed. Similarly, any beam which has im- 
pinged upon the specimen but bounced back into the air 
is also measured. 

Specimens are usually carried through the irradiation 
zone in insulating trays, such as Pyrex glass dishes, to 
avoid short circuiting the belt measuring the beam current 
to an earthed system when they enter or leave the irradia- 
tion zone. 

The dose can be varied by adjusting the speed at which 
the conveyor belt carries the specimens under the beam. 
This speed is determined by a variable reduction gear ad- 
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The main facility at Tube Investments’ Hinxton Hall labora- 

tories is the 2 million volt Van de Graaff Machine. This can 

produce any type of radiation but for general use electrons 

are preferred. The pressure shell contains a mixture of one 

part of carbon dioxide and four parts of nitrogen at 25 
atmospheres 


justed by remote control from the control desk. Although 
the width of the beam can also be varied from the con- 
trol desk, it is usually set at an amplitude sufficient to 
cover the whole width of the conveyor belt with about 
10 pct to spare, which means about 13 inches. This en- 
sures that all specimens receive a uniform dose irrespective 
of the position of the tray on the belt or of the test piece 
in the tray. 


Dose rates and heating 

The heat build-up within the specimen during irradiation 
can be troublesome. When electrons of 2 MeV _ pass 
through organic chemicals consisting of elements whose 
atomic numbers are nearly always below 10, less than 1 
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The Hinxton facility is laid out on a pilot 
production scale. The removable walls are 
of chevron concrete blocks laid dry with 
chicken netting between courses for 
stability. Note how window is in three 
equal steps so that there is no straight 
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Electrons from TI's Van de Graaff enter the ground floor 
irradiation room through an evacuated tube in which the 
beam is scanned. Specimens are passed below the thin 
aluminium window at the end of the tube on a chain link 
conveyor belt, the layout of which has been altered since 
this picture was taken. A direct view is obtained from the 
control position through a window made from 40 sheets of 
i in. plate glass interspersed with liquid paraffin 


pet of the energy of the electron beam is transformed into 
X-rays. As in an X-ray tube, the remaining 99 pct appears 
as heat inside the materials absorbing the radiation. If 
these specimens are of sufficient thickness to use the pene- 
tration of the beam to the best advantage, almost all this 
heat is generated within them. For materials with a poor 
thermal conductivity and a specific heat of 0-5 calories per 
gram per degree C, the initial temperature rise may be 
about 5°C for each megarad of radiation given. Cooling 
the outside of the specimen helps, but it is not the com- 
plete answer because of the high rate at which the dose is 
imparted to the material and the poor thermal conductivity 
of many compounds. Normally the specimen is passed 
rapidly through the beam a number of times to accumu- 
late a large dose even though it could be given in one 
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very slow pass. As materials normally dealt with require 
a range of doses from 10° to 10° rads, an automatic con- 
veyor reversing mechanism has been built. Switches may 
be pre-set to any number up to 999 and the length of the 
belt passing under the beam each time may be varied be- 
tween 6 and 60 inches in steps of 6 inches. An electronic 
counting device, using dekatron cold cathode tubes, re 
cords the number of passes the specimen has made under 
the beam and switches off the automatic reversing contro] 
when the preset number has been reached. When using 
this control, it is customary to adjust the output of the 
accelerator so that the samples receive either 10° or 10° 
rads each time they pass through the beam. For ease ot 
handling in production runs, the speed of the conveyor 
belt is usually set so that each specimen receives its full 
dose of radiation in a single pass through the irradiation 
zone. If large doses of radiation are needed, there may be 
a considerable temperature rise inside the articles being 
treated. The heat build-up depends on the total dose re- 
ceived, unless that dose can be given as a series of small 
units with an interval between them to allow the 
material to cool down. For production runs, this is in- 
convenient, but the value of the end product might out- 
weigh such difficulties. Materials with good thermal con- 
ductivities do not suffer from this problem but usually they 
are not improved by radiation. 

If the machine is used to produce X-rays. sections of 
very large thickness can be treated satisfactorily. The 
time required for treatment, however, is usually very long 
and might last hours or even days. The irradiation of 
material in bulk can probably best be carried out by the 
use of gamma rays from radioactive isotopes. though 
isotopes for such work are in short supply. 


Safety interlocks 

Electrons with an energy of 2 MeV can travel 25 feet 
in air at normal temperature and pressure yet still have 
enough energy to be dangerous to human beings. The two 
doors closing the entrance to the irradiation room are pro- 
tected on the inside by a demountable wall built of spe- 
cially dense interlocking concrete bricks with angled faces, 
so that there are no planes of weakness through the wall. 
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The inner wooden door seals tightly against its frame to 
prevent the passage of electrons whilst producing few 
X-rays due to the low atomic numbers of its constitu- 
ents. The outer door contains 14 in. of lead between 4 in. 
steel plates and helps to reduce the X-ray intensity to a 
safe level. This door weighs over two tons and is rolled 
aside by a chain gear. There are four interlock switches 
on these doors, any one of which will switch off the 
machine if it is disturbed, thus ensuring that one cannot 
enter the irradiation room when the set is in operation. 

When the procedure for switching on the set is begun, 
a warning bell inside the irradiation room rings for 12 
seconds before the set can be made to operate. In both 
the generator and irradiation rooms there are switches, 
which can be operated by anyone trapped inside these 
rooms, to prevent the set from producing radiation. There 
is also a two-way intercom system. 


Continuous monitoring 

Samples on the conveyor belt can enter and leave the 
irradiation room through a labyrinth whilst the set is in 
operation. The belt enters a tunnel in the control room 
built from interlocking concrete bricks and passes through 
a hole in the 3 feet thick concrete wall surrounding the 
irradiation room. Beyond this hole, the belt turns through 
a right angle to pass through a hole in an 18 in. thick 
demountable wall in the irradiation room. A_ second 
right-angled bend carries the specimens on the belt 
parallel to this wall, through the irradiation zone. The 
path of the belt turns back around the far end of the 
demountable wall and the outgoing conveyor travels 
straight out through the same hole in the 3 ft thick wall. 
A thin window geiger counter is mounted above the con- 
veyor belts where they enter the tunnel in the control 
room and the level of radiation emerging through the hole 
in the wall of the irradiation room is monitored and re- 
corded continuously. Even at the entry point into the 
tunnel in the control room, it is found that the amount 
of radiation is well below the tolerance level. The level 
of radiation in other parts of the control room is very 
much lower. 


Cable and wire insulation 
TREATMENT of polythene-insulated cables with ionizing 
radiation to improve their thermal properties without detri- 
ment to their excellent dielectric properties is already pro- 
ceeding on a pilot scale at the laboratories of the Research 
Organization of British Insulated Callender’s Cables 
Limited, Wood Lane, London. Products successfully treated 
range from small diameter equipment wires to radio fre- 
quency cables and winding wires. 

An important advantage of irradiated polythene equip- 
ment wire is that it can be soldered without effect upon 
the insulation, the improved polythene being capable of 
withstanding molten solder temperatures (270°-300°C) for 
short periods. An interesting recent application of the insu- 
lation was to stator windings in a submersible borehole 
pump. In normal use the temperature attained by the 
windings of such a motor is of the order of 120°C and 
of the various forms of insulation tried for this purpose, 
irradiated polythene has been found to be able to operate 
at this temperature most satisfactorily and also to possess 
the desired mechanical and dimensional properties during 
fabrication of the stator element. 

Resistance to the action of hydrocarbon solvents is 
another important property conferred upon polythene by 
irradiation and this is expected to find particular applica- 
tion in localities where the insulation is liable to come 
into contact with fuel oils etc. In addition to a range of 
irradiated polythene cables, BICC have also produced im- 
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proved polythene tape and films for a variety of purposes. 

The source of ionizing radiation used at Wood Lane is 
a 2 million volt Van de Graaff electrostatic particle 
accelerator supplied by High Voltage Engineering Corpora- 
tion of Burlington, Massachusetts. Although the machine 
can produce high energy gamma- or X-rays, positive ions 
and neutrons, electrons—because of their suitable pene- 
tration, range and high absorption—are preferred for this 
work. 

The generator is housed in the upper room of a two- 
storey block flanked on each side by single storey labora- 
tories. The target room, immediately below the generator 
has walls in 3 ft. concrete and communicates through a 
short labyrinth passage with the control and cable feed- 
ing laboratory. The generator room walls are only 2 ft. 
thick because the radiation level is considerably lower. 
The room is reached by a spiral stairway from the target 
room. 

Entry to the target room is through a flush wooden door 
with a safety glass panel and fitted with interlocks. The 
door is kept locked while irradiation is in progress. In 
addition to the experimental facilities in the target room. 
it provides storage space for the cylinders of nitrogen 
and carbon dioxide for the generator pressure tank (1 part 
CO., 4 parts N., 350-400 psi). 


Closed circuit television used 

The accelerator tube which projects into the target room 
from above, is fitted with a 6 in. long aluminium window 
in the end of an electromagnetic scanning unit. Cables to 
be irradiated pass through the target room and along the 
long axis of the window of the scanning unit. Immediately 
below the window is a water cooled tube which acts as a 





At British Insulated Callender’s Cables, cable enters and 

leaves the cell through radiation seals and, under the beam 

scanning window, it passes through a water cooled tube 
which also serves to measure the beam current 


Faraday cage to collect and meter the electron beam 
current. 

The cable paying-out gear is situated in the control 
room and the take up gear is in the laboratory on the 
other side of the target room. Cable enters the latter 
through a slit in the concrete biological shield which is 
sealed by 6 in. of lead bricks, aluminium doors and rub- 
ber snuggers. A Marconi closed circuit television is used 
for observing events in the target room, the monitor being 
mounted alongside the operating console. 

In a routine irradiation of a cable the Van de Graaff is 
operated at 2 million volts and 400 watts. The dose re- 


515 














Outside the BICC cell a special cable pay-out gear is in- 
stalled; similar take up gear is located in a room on 
the other side of the irradiation cell. Television is now 
used to view events inside. Note axial flow extract fan 


system 


ceived by the cable is thus proportional to the speed at 
which the cable passes through the electron beam. The 
larger cables are rotated as they pass while with small 
equipment wires it is usual to irradiate these on the drum, 
relying upon the scattering of the electrons from adja- 
cent conductors to ensure uniformity of dosage. The drum 
is rotated by hauling off the wire at constant speed, and 
the temperature controlled by a cold air blast. 


Drugs, food, plastics, rubber 


AT THE MOMENT there is one 4 MeV linear accelerator 
in operation at Metropolitan Vickers Electrical Co. Ltd. 
This is in the research laboratory at the Trafford Park 
works and is being used for trial irradiation by Metro-Vick 
and also by a number of other firms on an exchange of in- 
formation basis. Rapidly nearing completion at the Barton 
works is a facility incorporating an exactly similar 
machine, to be used on a commercial basis with firms 
buying machine time. 

Work with the research accelerator falls into five main 
categories: sterilization of pharmaceuticals, dressings and 
sutures; food preservation; effect on plastics, especially 
polythene; vulcanization of rubber, particularly silicone 
rubbers, and graft polymerization. Some indication of the 
doses required for these processes using a 4 MeV machine 
is given on page 498. In the plastics field, probably the 
most successful application has been the use of irradiated 
polythene for valve sockets and plugs. Electrons only are 
used, which at 4 MeV penetrate to a depth of about 2 
cm of unit density material. This immediately places a limit 
on the size of specimen that can be irradiated, although 
the effective penetration can be doubled by exposing both 
sides of the specimen to the beam. X-rays give a much 
greater penetration, but in view of the low conversion 
efficiency in the production of X-rays by target bombard- 
ment the overall efficiency is reduced. Another disadvan- 
tage of X-rays is that their penetration is so great that 
unless a large bulk of material is being treated, very little 
energy is absorbed in the material. In addition to being 
wasteful of energy, this means that it is difficult to obtain 
a uniform dose. 

In the research facility only very simple safety precau- 
tions were necessary, but at the Barton works a cell has 
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MV’s new 4 MeV linear accelerator at Barton works will 

shortly be available for use by industry. Beam is horizontal 

and specimens pass through it on vertical conveyor behind 
shield wall in background. Compare picture p 498 


been built incorporating all the basic features of protec- 
tion needed industrially. In the line of the electron beam 
there is a 5 ft concrete shield. The door to the operating 
room is steel-framed, concrete filled, and there is the usual 
interlocking system, comprising microswitches in this case. 
Running round the concrete block within the cell is a con 
veyor belt consisting of vertical Dexion strips linked by 
chains at intervals of about a foot. This is driven by a 
variable speed motor designed by Metro-Vick. The belt 





Heat resistance of polythene is increased by electron irradia- 

tion. Bottle on right, treated by Metro-Vick machine, was 

unaffected by immersion in oil for 6 minutes at 150°C; 

under same conditions, untreated bottle collapsed in less 
than 10 seconds 


will be loaded from a position on the side of the block 
remote from the machine. 

For irradiation of stationary specimens, a Dexion-topped 
table about 5 ft in diameter, designed with four degrees 
of freedom, will be available. 
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Portable monitor is simple, cheap 


A completely new self-contained utility 
geiger counter has recently been mar- 
keted by Radiation Monitors, Ltd. De- 
signed to sell at an extremely low price 
(£10 plus £2 15s. 3d. for batteries) it is 
intended for: general laboratory moni- 
toring, isotope tracing, location and re- 
uranium and thorium 
ores. eXamination of path or flow in 
industrial processes, qualitative measure- 
ment and experiments in 


lative assay of 


illustrative 
education. 

The instrument operates on 17 30-volt 
deaf-aid batteries and the simple integra- 
tor circuit using a hydrogen-quenched 
geiger-miilller tube is one that was de- 
veloped by the AWRE and is now manu- 
factured under licence from the UK 
Atomic Energy Authority. The case is of 
high-impact polystyrene and incorporates 
a hood for the neon counting tube and 
a crystal speaker. The tube is mounted 
vertically and the casing includes a poly- 
styrene slide by means of which discrim- 
ination can be obtained between gamma; 
and betas-plus-gammas. Three ranges are 
provided, operated by a switch on top 
of the instrument and a thumb switch 





we 
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Made under licence from the AEA, 
Radiation Monitors’ geiger counter is 
battery operated 


near the handle. On the low range every 
ionizing announced on_ the 
speaker and the neon flashes about every 
25 counts. Loudspeaker response is also 


event is 


New kinds of lead shielding 





Section of shield built from serrated strip 


Associated Lead Manufacturers Limited 
produce lead shielding materials in a 
wide variety of forms. 

1. Cast chevron type bricks, designed by 
the AERE, Harwell. These are made 
in two thicknesses, 2 in. and 4 in., and 
by using the appropriate top, bottom 
and corner bricks in conjunction with 
the standard bricks, shielding cells 
of various sizes can be constructed. 
Extruded bricks with curved inter- 
locking faces. These bricks are also 
produced in 2 in. and 4 in. thick- 
ness to designs prepared in the Re- 
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search Laboratories of Associated 
Lead. They are used in the same way 
as the chevron type bricks. 

3. Extruded serrated strip 2 in. by 1 in. 
This type of shielding can be used to 
build chambers in the same way as 
the bricks. It can also be used to 
build up more massive and perman- 
ent types of shielding, for example, 
by filling steel shells where filling with 
molten lead would present difficul- 
ties. 

Associated Lead Manufacturers Ltd, 

Ibex House, Minories, London, EC3 


available in the medium range (about 500 
counts per neon flash) but is not so 
strong as on the low range. On the high 
range (about 1250 counts per neon flash) 
the loudspeaker response is barely aud- 
ible but an output socket is provided for 
a crystal earpiece. This socket can also 
be used to obtain an output for feeding 
to an amplifier and scaler if required. 

The average background count is 90 
per minute; by using a stop watch it is 
claimed that counts of up to 35,000 a 
minute can be registered. 

No off-switch is provided, the instru- 
ment normally being left in the high 
range. Under these conditions, the cur- 
rent consumption is below 1 microamp 
and it is claimed that the battery life 
will exceed the shelf-line owing appar- 
ently to the effect of an activity phen- 
omenon associated with the overshoot or 
opposite polarity peak at the conclusion 
of each pulse. 

The instrument weighs 3lb and meas- 
ures Yin. by 6in. by 3in. 


Radiation Monitors Ltd, 
52. Tottenham Court Road, 
London, W1 


Teleflex cables 

In high-level gamma-irradiation cells the 
source is usually contained in a ser- 
pentine tube which is buried in the con- 
crete wall. This operation is commonly 
effected by a Teleflex cable. 

The basis of the system is a flexible 
cable running in a metal conduit which 
can be bent within the limits of a mini- 
mum radius of curvature to any geo- 
metry, a feature being the fact that the 
runs can be formed on site. The cable 
consists of a central multi-strand high- 
tensile core around which is coiled a 
close helix of wire. On top of this is 
wound in the opposite hand an open 
helix of thicker wire forming a quick 
screw thread. Between the driving helix 
is wound another helix of the smaller 
wires to provide spacing for the former. 
After winding, the complete cable is sub- 
jected to a heat treatment. 
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Cable is constructed in several layers 


The drive is provided by a special 
wheel with teeth that engage with the 
driving helix and a push-pull motion is 
obtained with very little friction or lost 
motion. 

In a typical source installation the 
Teleflex cable runs from the control 
panel through the concrete to the source 
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Irradiation for Industry 


10 A NUCLEAR POWER BUYERS GUIDE 
IRRADIATION EQUIPMENT 


ornamental MACHINES 
X-ray apparatu 
General Radiological Lid 
Mullard Lid 
Newton Victor Lid 
Philips Electrical Lid 
Van de Graaff electrostatic generators 
High Voltage Engineering Corp (of America) 
Leybold Vacuum Sales Ltd 
Resonant transformers 
General Electric Co (of America) 
Linear accelerators 
Metropolitan-Vickers Electrical Co Lid 
Mullard Ltd 
Philips Electrical Lid 


SOURCE FACILITIES 
Contractors 


Nuclear Engineering Ltd 
Doors; heavy shielding 

Chatwood-Milner Lid 

Haywards Steel Doors Lid 

Stone & Co (Chariton) Lid 
Flooring, special 

Haworth (ARC) Ltd, F. 
Remote controls 

Teleflex Products Lid 
Shielding blocks, lead 

Appleton & Howard Lid 

Associated Lead Manufacturers Lid 

Blundell & Crompton Ltd 

British Lead Mills Ltd 

Ekco Electronics Ltd 

ERD Engineering Co Lid 

General Radiological Ltd 

Grey & Marten Lid 

Hull & Sons Lid, F. 

Isotope Developments Lid 

Mills Packard Construction Co Lid 

Nuclear Engineering Lid 

Panax Equipment Ltd 

Randall Lid, P. E. 

Savage & Parsons Ltd 
Shielding blocks, cast iron 

Newburgh Engineering Co Ltd 
Shielding blocks, concrete 

Chatwood-Milner Ltd 

Savage & Parsons Ltd 

United Chemicals (London) Ltd 
Shielding blocks, special alloy 

General Electric Co Lid 
Glass-lead, for viewing windows 

Butterworth Bros Ltd 

Chance Bros Ltd 

Glass Developments Lid 

Laboratory Apparatus & Glass Blowing Co 

Optical Works Ltd 

Pilkington Bros Ltd 
Sources 

Atomic Energy Research Establishment 
INSTRUMENTS 
Radiation alarms 

Dowty Nucleonics Lid 

Elliott Bros (London) Lid 


General Electtic Co Ltd 
General Radiological Ltd 
Labgear (Cambridge) Ltd 
Panax Equipment Ltd 
Philips Electrical Ltd 
Picssey Nucleonics Ltd 
Sunvic Controls Ltd 
Radiation monitors 
Airmec Ltd 
Baldwin Instrument Co Ltd 
Burndept Lid 
Dowty Nucleonics Ltd 
Ekco Electronics Ltd 
Elliott Bros CLondon) Ltd 
Ericsson Telephones Ltd 
Fleming Radio (Developments) Lid 
General Radiolog:cal Ltd 
Isotope Developments Ltd 
Labgear (Cambridge) Ltd 
Mullard Lid 
Nicholson (Scientific Instruments) Lid, W. B 
Nuclear Enterprises (GB) Ltd 
Panax Equipment Ltd 
Philips Electrical Ltd 
Plessey Nucleonics Ltd 
Radiation Monitors Ltd 
Dosimeters. quartz fibre 
Cinema-Television Lid 
Mullard Ltd 
Philips Electrical Ltd 
Stephen & Co Lid, R. A 
Dosimeters, filia badge 
Ilford Lid 
Isotope Developments Ltd 
Kodak Lid 
Radiological protection services 
Philips Electrical Lid 


ADDRESSES 


AIRMEC LTD 

Coronation Rd, High Wycombe, Bucks 
APPLETON & HOWARD LTD 

Salisbury St, St Helens, Lancs 
ASSOCIATED LEAD MFRS LTD 

14 Finsbury Circus, London, EC2 
AERE, ISOTOPE DIV 

Harwell, Didcot, Berks 
BALDWIN INSTRUMENT CO LTD 

Brooklands Works, Dartford, Kent 
BLUNDELL & CROMPTON LTD 

West India Dock Rd, London, E14 
BRITISH LEAD MILLS LTD 

7-9 St James's St, London, SW1 
BURNDEPT LTD 

West St, Erith, Kent 
BUTTERWORTH BROS LTD 

Newton Heath Glass Works, Manchester, 10 
CHANCE BROS LTD 

Glass Works, Smethwick, 40, Staffs 
CHATWOOD-MILNER LTD 

Shrewsbury, Salop 
CINEMA-TELEVISION LTD 

Worsley Bridge Rd, London, SE26 
DOWTY NUCLEONICS LTD 

Brockhampton Park, Andoversford, Glos 
EKCO ELECTRONICS LTD 

Ekco Works, Southend-on-Sea, Essex 


ELLIOTT BROS (LONDON) LTD 
Century Works, London, SE13 
ERD ENGINEERING CO LTD 
Ipswich Rd, Trading Estate, Slough, Bucks 
ERICSSON TELEPHONES LTD 
Beeston, Nottingham 
FLEMING RADIO (DEVELOPMENTS) LTD 
Caxton Way, Stevenage, Herts 
GENERAL ELECTRIC CO (of America) 
150 East 42nd St, New York 17, NY, USA 
GENERAL ELECTRIC CO LTD 
Magnet Ho, Kingsway, London, WC2 
GENERAL RADIOLOGICAL LTD 
15-18 Clipstone St, London, W1 
GLASS DEVELOPMENTS LTD 
Sudbourne Rd, London, SW2 
GREY & MARTEN LTD 
City Lead Works, OW Bridge, SEI 
HAWORTH (A.R.C.) LT 
40 Buckingham Palace Rd, aie Swi 
HAYWARDS STEEL DOORS LTD 
Luton, Beds 
HIGH VOLTAGE ENGINEERING CORP 
Burlington, Mass, USA 
HULL & SONS LTD, F. 
174 London Rd, Mitcham, Surrey 
ILFORD LTD 
Ilford, Essex 
ISOTOPE DEVELOPMENTS LTD 
Beenham Grange, Aldermaston Wharf, Reading 


Berks 
KODAK LTD 
Kodak House, Kingsway, London, WC2 
LABGEAR (CAMBRIDGE) LTD 
Willow Place, Cambridge 
LABORATORY APPARATUS & GLASS BLOW- 
ING CO 
77 Grosvenor St, Manchester, 1 
LEYBOLD VACUUM SALES -y TD 
27 Broadwick St, London, W 
— ITAN- VICKERS EI ECTRICAL CO 
TD 
Trafford Park, Manchester, 17 
MILLS PACKARD CONSTRUCTION CO LTD 
Duke St, Ipswich 
MULLARD LTD 
Muilard Ho, Torrington Place, London, WC! 
NEWBURGH ENGINEERING CO LTD 
Newburgh Works, Bradwell, Sheffield 
NEWTON VICTOR LTD 
132 Long Acre, London, WC2 
NICHOLSON (Scientific Instruments) LTD, W. B 
Thornliebank Industrial Estate, Glasgow 
NUCLEAR ENGINEERING LTD 
Greenwich Metal Works, London, SE7 
NUCLEAR ENTERPRISES (GB) LTD 
Bankhead Medway, Sighthill, Edinburgh, 11 
OPTICAL WORKS LTD 
32 The Mall, London, W5 
PANAX EQUIPMENT LTD 
173 London Rd, Mitcham, Surrey 
PHILIPS ELECTRICAL LTD 
Century Ho, Shaftesbury Av, London, WC2 
PILKINGTON BROS LTD 
St Helens, Lancs 
PLESSEY NUCLEONICS LTD 
Weedon Rd, Northampton 
RADIATION MONITORS LTD 
72-76 Camden High St, London, NWI 
RANDALL LTD, P. E. 
25 Floodgate St, Birmingham, 5 
SAVAGE & PARSONS LTD 
Otterspool Way, Watford, Herts 
STEPHEN & CO LTD, A. 
120 Lavender Av, Mitcham, Surrey 
STONE & CO (CHARLTON) LTD 
Oceanic House, 1a Cockspur St, London, SW1 
SUNVIC CONTROLS LTD 
No 1 Factory, Temple Fields, Harlow, Essex 
TELEFLEX PRODUCTS LTD 
Basildon, Essex 
UNITED CHEMICALS (LONDON) LTD 
147 Victoria St, London, SWI 





tube and the | in. dia source tube being 
by means of a reducing adaptor. The end 
of the cable is brazed into a special fit- 
ting which receives the ball on the end 
of the short length of wire cable from 
the source. 


Teleflex Products Ltd, 
Basildon, Essex 


Improved tongs 

Among the many products now being 
produced by F. Hull & Sons for nuclear 
applications are isotope containers of 
every size and description, ranging from 
the standard type for the 1 in. Harwell 
can to large storage and exposure con- 
tainers weighing anything from 40 lb to 
1 cwt; interlocking lead bricks of all 
sizes and thicknesses; lead castles, both 
round and square. 
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Shielding sphere units are of compara- 
tively recent introduction, and have been 
received by users with considerable ap- 
preciation. The revolving lead ball, which 
is inserted in the middle centre bricks, 
is treated externally in such a manner 
that there is no measurable wear, while 
rotating without friction or obstruction. 
The tong handles are made in the usual 
lengths of 18, 24 and 30 inches and in 
the main conform to standard design, but 
it is hoped to shortly offer an entirely 
new idea in regard to the clipping device 
of both the handle and the jaws which 
should simplify the attachment of the 
jaws to the handle. 


F. Hull & Sons Ltd, 
174 London Road, 
Mitcham, Surrey 


Cast iron shield blocks 


For biological shielding against gamma 
radiation high grade precision machined 
cast-iron blocks are manufactured by 
Newburgh Engineering Co Ltd, These 
are all radiologically tested to ensure a 
uniform density within 3 pct absolute. 
The firm recently supplied quantities of 
these blocks for the materials testing re- 
actors at Harwell and Dounreay under 
sub-contract to Head Wrightson, Ltd. 
Plugs in a similar material have also 
been supplied for burst slug detection 
gear. Every block was radiographed be- 
fore machining and subjected to a gamma 
penetration test before despatch. 


Newburgh Engineering Co Ltd, 
Bradwell, Sheffield 
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Cross Section ., craccuus 


THE WINDSCALE press conference had 

a very much more serious tone than is 
customary at these functions. Never 
before has so much Authority top 
brass been assembled in public but in 
the event, so far as technical questions 
went, Sir William Penney and Sir John 
Cockcroft virtually handled it on their 
own. The White Paper itself seems only 
a shadow of the complete report and 
[ really cannot see why so much mys- 
tery should still surround the Wind- 
scale reactors. After all quite a lot of 
information has been published and it 
seems quite possible in principle to 
calculate the output—and there must 
be many people who know how to do 
the sums. 
That no 1 reactor is a write-off is I 
think a foregone conclusion. Sir John 
Cockcroft told me he thought that 
from a purely technical point of view 
it could be repaired but my guess is 
that ic will simply not be worth while. 
Admittedly the loss of plutonium pro- 
duction is probably serious for the 
military people but before long they 
will have Calder B and the two Chapel 
Cross stations working for them and 
this will almost certainly be before 
Windscale No 1 could conceivably be 
repaired. On the health side I was 
astonished to hear that the authorities 
had not anticipated this type of inci- 
dent. Sir Harold Himsworth, secretary 
of the Medical Research Council, ex- 
plained that for a long time they had 
been concerned with fall-out from 
bombs. In this, strontium and caesium 
are the main factors but at Windscale 
these isotopes were largely stopped 
by the filter, leaving the 8-day iodine- 
131 as by far the most important fea- 
ture. In the fall-out here from a test 
bomb on the other side of the world, 
iodine is of course comparatively unim- 
portant. Thus practically no attention 
seems to have been given to the prob- 
lem of an area contaminated largely 
by iodine and in fact the White Paper 
admits that there is no established tol- 
erance level for iodine-131 in milk. 


IN COMMON with most people con- 
nected with science I have been having 
an acute attack of sputnikitis and the 
sound of the satellite’s radio trans- 
mission has been, for me at any rate, 
a very exciting noise. It seems certain 
that nuclear energy was not used as a 
propellant force to put the sputniks 
in their orbit but undoubtedly serious 
thought is being given to using it for 
space travel. I have just seen a paper 
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read to the Rumanian Institute of 
Physics in March 1955 in which I. 
Schechtman discusses the possibility of 
the so-called ionic rocket. This is pow- 
ered by a jet of heavy ions given a 
very high velocity in a linear accelera- 
tor. Power for the accelerator would 
come from a nuclear power plant 
which would of course be contained in 
the rocket. Schechtman ‘concludes that 
the ionic rocket could only develop a 
very weak thrust and would be un- 
likely to be able to take off from 
earth, but since it could maintain this 
thrust for a very long time it might 
be possible to use it for interorbital 
journeys. In other words you some- 
how establish the ionic rocket in an 
earth orbit and then take off from 
there to other planets, Here you settle 
into a new orbit and launch a chemi- 
cal rocket to make a landing if re- 
quired. Since enormous velocities could 
be attained by the interorbital ionic 
rocket with very low accelerations this 
would, Schechtman claims, enormously 
reduce the time required to travel be- 
tween orbits. He claims that most 
bodies in the solar system could be 
reached if an ionic rocket with the 
following characteristics could be put 
into a circular orbit round the earth: 
ratio of empty weight to power, 1-10 
kg per kW, rate of mass ejection, 
0-2-2°0 milligrams per second per ton. 
For singly-ionized mercury atoms this 
is O'l-1 amps accelerated through a 
million volts. Crazy? I suppose so. 
But all the same. ... 


“ONGRATULATIONS are due to the 


Atomic Energy Authority for their ex- 
cellent Dounreay exhibition in London 
last month. This was not big enough 
to give anyone ‘exhibition legs’, yet 
it revealed quite an extraordinary 
amount of what is going on. It was 
also very helpful to have men there 
who had really been connected. with 
the developments. 

I find there is still profound ignor- 
ance amongst many firms with AEA 
contracts as to the ultimate use to 
which their products are put. If an 
item is a perfectly standard one it 
seems the Authority—not unnaturally 
—simply orders it up as a catalogue item 
with no consultation with the firm. In 
many cases it will be used in some 
quite non-nuclear application but very 
often this is not so and the Authority 
has some quite unusual or dramatic 
role for it. In some instances of course 
there are security considerations but 


very often the first time a firm know 
that they have made a significant con- 
tribution to the nation’s nuclear energy 
programme is when they see a pic- 
ture of their product in some unfami- 
liar réle in the pages of a magazine 
or at an exhibition. 

Thus it is quite probable that many 
more firms than is generally realized 
are making important and significant 
contributions to atomic energy. In 
many cases of course companies are 
well aware that their products are be- 
ing used in some slightly unusual way 
but have never bothered to find out 
the details. Security is now confined 
to a comparatively small area of activi- 
ties and I know the Authority is usually 
quite willing to give the information if 
it possibly can. 


DOWN AT THE Radiochemical Centre 


at Amersham, the atmosphere is very 
markedly different from that in any 
other Atomic Energy Authority Estab- 
lishment. Harwell, Risley and the rest 
spend a great deal of public money: 
Amersham earns some for the poor 
suffering- taxpayer. The RCC is in 
every sense of the word a pharmaceu- 
tical factory and is run on the strictest 
business lines. It’s a very successful 
one, too, and Mr D. J. Muskett, the 
commercial manager, tells me the turn- 
over is now about £400,000 a year. 
Incidentally Mr Muskett told me that 
if for any reason a consignment is 
delayed in transit so that its activity 
is too low for use on arrival, the RCC 
bears the loss. This strikes me as a 
pleasant example of the customer 
always being right—a thing we have 
far too little of nowadays. 


IN GATHERING material for the spe- 


cial irradiation features in this issue— 
which incidentally involved travelling 
a total of fifteen hundred miles up and 
down the country—NUCLEAR POWER’S 
editorial staff gleaned some interesting 
side-line information. For instance, this 
commentary on bureaucracy in the US 
Army—preservation of army rations 
with a linear accelerator looked an 
attractive proposition. But the standard 
Army meat pack was too thick for a 
4MeV machine, which can only treat 
about 2 cm of material. As the thick- 
ness of American steaks is legendary 
and immutable, it was decided to solve 
the problem by using a 25 MeV ma- 
chine. However, at these high energies, 
nuclear effects begin to appear, and 
the packs had to be left for three 
months to let the radioactivity die away 
before they could be used. 

A footnote — it seems the irradiated 
food is tried out on a ‘selected group 
of personnel.’ On enquiring closer it 
transpired that this elite body con- 
sisted of cénscientious objectors. 
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In the new laboratories, the glove boxes in the beta area 

are arranged for maximum flexibility. Above the boxes are 

centralized services which can be quickly disconnected and 
reconnected when the boxes are rearranged 
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Included in the new laboratories is a section producing 
multi-curie polonium-beryllium neutron sources for well- 
logging and reactor experiments. Here a laboratory worker 
uses a polythene welding machine to seal off an object he 
is removing from the glove box 





Although Amersham's catalogue of artificial isotopes now 
runs to hundreds of varieties, demand for natural radio- 
active elements has not declined. Here, radium clinica! 
appliances are assembled in a gamma cell. Needles are 
made by filling iridio-platinum tubes with radium com- 
pound: radon seeds by sealing the gas into gold tubes 


New laboratories opened 


RADIOCHEMICAL 


Plant for fission product 


kilocurie scale 


FACILITIES FOR SEPARATING caesium-137, stron 
tium-90 and other isotopes from fission products are 
expected to come into operation early next year fol- 
lowing the opening on Nov 1 by Lord Salisbury of a 
large new laboratory at the Radiochemical Centre. Demand 
for isotopes has trebled during the last three years and 
the new laboratories together with a block of administra- 
tion offices have been built to meet the rapidly growing 
volume of trade. Business being done by the UK Atomic 
Energy Authority’s Amersham centre is currently running 
at £400,000 a year with 18,000 consignments. Over 70 
pet of this is exported to more than 50 different countries, 
mostly from London Airport. This has meant the setting 
up of a first class commercial organization to ensure that 
consignments arrive at their destination on time and with 
the correct activity. For short-lived isotopes such as gold 
this requires very considerable coordination all the way 
from the laboratory to the hospital where it is needed. The 
Centre is connected to the inland and international Telex 
service and messages are received 24 hours a day from all 
over the world. 


Latest safety standards 
The new laboratory is a single-storey building of 12,000 
sq ft and supplements the four smaller ones that were 
opened in 1954, It will on the whole be given over to the 
same sort of work but at a higher all round activity level. 
This will include: separation of isotopes for materials irra- 
diated in the Authority’s reactors, synthesis of labelled 
compounds and manufacture of radiation sources for in- 
dustry and medicine. Throughout, particular emphasis 
has been placed on radiological safety and control of con- 
tamination and the installations conform with the latest 
recommendations of the Medical Research Committee and 
the International Commission on Radiological Protection. 
In the older laboratories the plants are adequate for 
handling gamma activities of about ten curies but the new 
facilities are designed for 1000 curies so, for example, top 
shielding is used in lead gamma cells to prevent scatter 
from the ceilings. 
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For gamma activities up to 1000 curies in the new laboratories the glove boxes 

are mounted on concrete and have a concrete top cover. Sides and front are 

built up as required by lead bricks. The hot cells or caves for fission product 
separations is through the opening at the end of the laboratory 


Of particular interest is the plant for fission product 
separations. This consists of three adjacent connected caves 
in steel plate, each one about 7 by 8 by 15 ft high. Shield- 
ing is by 3 ft of concrete blocks brought up to a density 
of 155 lb/cu.ft by Whinstone aggregate. Between the cells 
there was room for only one foot of shielding so this 
concrete is loaded with steel shot to a density of 340 
lb/cu. ft and is equivalent to the outer shield. 

Each cave has a large direct viewing tank made of steel 
let into the concrete, faced on both sides by cerium- 
stabilized glass and filled with optically pure zinc bromide 
solution. British-made Argonne 8 manipulators are fitted 
in each cell and this is believed to be the first time they 
have been used in a completely closed cave. The whole 
plant will be kept at about minus 2 in. w.g. by a filtered 
extract system. Access to the caves for loading materials 
is from the rear and provision is made for men entering 
for servicing using the captive plastic suit technique. 


Further expansion envisaged 
When this plant is operating early next year it will have 
been equipped with stainless steel separation apparatus 
and will be handling 1000 curie amounts of Cs-137, to- 
gether with Sr-90, Pm-143, Ce-144, Y-91, Zr-95 and Nb-95. 
Considerable further space is available in this section of 
the building for further caves should they be needed. 
Demand for less common _ isotopes—particularly for 
labelled compounds containing I-131, P-32 and S-35—has 
grown sufficiently to warrant formal chemical plants for 
producing them but the problem of housing them econo- 
mically and safely is difficult owing to the diverse and 
changing demand. To cope with this a system of standard 
glove boxes, working with or without lead shielding has 
been devised and is also installed in the new laboratories. 
These boxes are transportable and interchangeable and 
can be connected together to form larger units. Services 
such as electricity, vacuum, and extract are provided in 
modular groups over the box areas and each unit can be 
quickly connected by flexible leads. The boxes have a 
built in local filter connected to the extract and the usual 
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glove ports, transfer locks and rubbish tubes. Trolley- 
mounted polythene welding machines are used where re- 
quired for sealing these tubes. In the gamma areas the 
boxes are mounted on concrete benches and a permanent 
concrete top is provided over them, the lead brick walls 
being constructed round the boxes as required. 


improved quality of isotopes 

The 1954 laboratories are continuing production of basic 
isotopes such as I-131, S-35, P-32 and C-14 from pile- 
irradiated material but the scale of production has been 
increased to between two and three times the former level. 
Quality, too, has been greatly improved. Carbon-14, for 
example can now be made with 50 pct isotopic abundance 
compared with only 2 pct three years ago, and in the last 
three years over a hundred new carbon compounds have 
been added to the Amersham catalogue. These include 
synthesized benzene and toluene, steroids, carcinogens, 
specifically labelled sugars and several of the amino acids. 
Notwithstanding the great variety and quantity of artificial 
isotopes produced, the demand for the natural radioele- 
ments has not declined and the production line for filling 
radium containers has recently been rebuilt, all work now 
being totally enclosed and remotely manipulated. 

A new plant for making polonium-beryllium neutron 
sources has also recently been completed. These are used 
for reactor experimentation and well-logging and contain 
from five to ten curies of polonium. During the last three 
years about 8000 foil or plaque sources of beta-emitting 
Sr-90, TI-204, Ce-144, Ru-106 etc have been manufac- 
tured mainly for thickness gauges and static eliminators. 


CONTRACTORS 
The main contractors for the new laboratories are: 
JAMES LONGLEY AND CO LTD 
Suppliers of equipment included : 
H. AND F, LINTOTT LTD: glove boxes 
SAVAGE AND PARSONS LTD: master-slave manipulators 
REDIFON LTD: polythene welding equipment 
BRITISH DRUG HOUSES LTD: zinc bromide for viewing tanks 
VOKES LTD: individual glove box filters 
OPTICAL WORKS LTD: lead glass for gamma cells 













SCENE OF THE ACCIDENT Number | reactor—nearest— 

was shut down for a routine Wigner energy release when 

some fuel rods became overheated. Despite all efforts the 

fire spread to other channels and was only brought under 
control by using water 


THE FIRE in Windscale No 1 reactor which was dis- 
covered on Oct 10 occurred during a routine operation 
for the release of Wigner energy and was caused by errors 
in judgement on the part of the operators, aggravated by 
inadequate instrumentation. This was disclosed by the 
Government White Paper (Cmd 302), issued on Nov 8, 
which included an abridged version of the report of the 
committee set up under Sir William Penney to investigate 
the accident. The report itself has been withheld on ground 
of national security and no details of thermal output, pile 
loadings or temperatures are included. 


Wigner growth 

The phenomenon of induced strain in solids under neutron 
irradiation was first discovered by E. P. Wigner in 1942 
and when Windscale was designed in 1947 very little was 
really known about it. Briefly, in a flux of fast neutrons 
carbon atoms become displaced from their normal posi- 
tion in the crystal: they take up interstitial positions and 
leave vacant sites. This leads to dimensional changes and 
also leaves the crystals in a state of strain or of higher 
energy. The energy can release itself spontaneously, with 
the evolution of heat, but it can also be got rid off in a 
controlled way simply by applying heat to the graphite— 
a process analogous to, and often referred to, as anneal- 
ing. 

In a graphite reactor some annealing of graphite is going 
on all the time, the effect being most marked in the hotter 
parts of the core. The cooler parts however will suffer very 
little release in this way and it is the practice at Windscale 
to carry out a controlled annealing of the whole reactor 
at approximately six-month intervals. 


Releasing the stored energy 

This is done by making the reactor critical for a short 
period with no coolant air flow. This is continued until 
the required annealing temperature is reached, after which 
the pile is shut down. The graphite temperatures should 
now continued to rise for a time under the self-sustaining 
action of the Wigner release. After the carbon atoms have 
returned to their normal positions the temperatures should 
drop. 

Since No 1 pile started working in July 1950, eight of 
these operations had been carried out to the end of 1956. 
It had always been difficult to release all the energy with 
one nuclear heating and on three occasions a second one 
was necessary. A spontaneous Wigner release occurred in 
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Prime Minister orders complete 
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Group 





WINDSCALE 
ACCIDENT DUE TO 
ORGANIZATION 
FAULT 


Instrumentation blamed too 


No 1 pile in September 1952 whilst it was shut down. This 
had no harmful effects but from then on regular con- 
trolled releases were arranged. 


Too soon, too fast 
On Oct 7 the pile was got ready for one of these releases 
and the first nuclear heating applied that evening for 
several hours. First results seemed to indicate it had failed 
and that much of the graphite had not been annealed. This 
was not so however and the inquiry showed that the uranium 
thermocouples used were in the region of highest uranium 
temperatures for normal operation—not where one would 
get the highest reading during a Wigner release i.e. in those 
parts of the pile which normally operate at a compara 
tively low temperature and thus have little chance of 
annealing during operations. This was considered a major 
inadequacy in instrumentation. 

It was now decided to apply a second nuclear heating 


Power stations safe from Wigner troubles 

The White Paper emphasizes that this kind of accident could 

not happen with the Calder Hall or other British power reactors 

of this type. Wigner releases will not be required nearly so 
frequently because of the much higher temperatures. Present 

indications are that it will be necessary only about every 5 

years and possibly not at all. If and when they have to be done 

it will not present any hazard because : 

POWER REACTORS use CO.—not air. The U-CO. oxidation 
reaction does not become self-sustaining till about 650-700°C. 

POWER REACTORS have a closed circuit so it is possible to 
keep a much closer temperature control than in the once- 
through Windscale system. 

POWER REACTOR fission product detection gear has no 
moving parts whatever inside the reactor so it cannot jam. 
Thus continuous monitoring can be done during Wigner 
releases. 

POWER REACTOR fuel cartridges are much better than those 
used at Windscale. 

POWER REACTORS have much improved instrumentation 
systems. 

Considerable work is being carried out at Calder and at Har- 

well on Wigner energy and an interesting point made in the 

White Paper is that should any new factors emerge it would be 

possible to fill the Calder coolant circuit with an inert gas 

during a Wigner release. 
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BRITAIN’S FIRST PLUTONIUM PLANT 
Completed in 1950-51, Windscale has two 
identical air-cooled graphite moderated re- 
actors working on a once-through system. 
The core is an eight-sided prism 50 ft high 
and 25 ft thick with horizontal channels 
containing aluminium-canned natural 
uranium bars. Control rods enter from 
both sides: shut-off rods from above. 
Coolant is supplied by four 2400-3000 h.p. 
centrifugal fans. It enters at the charge 
face, passes along the fuel channels and 
up the 405 ft high stack at the top of 
which are replaceable glass wool filters. 
These, incidentally, were added as a pre- 
caution after construction of a plain stack 
was well under way 
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and this was done on the morning of Oct 8. This was 
too soon in the opinion of the inquiry. Moreover, they 
found that the reactor power meter, although correct for 
normal operations, read low in these circumstances and 
the heat was applied much too fast. What happened now 
is believed to be this. Many of the fuel elements had 
been in the pile a long time—they had grown somewhat 
and the cans were in a state of strain. They were heated 
too rapidly and to too high a temperature because of the 
inadequate instrumentation with the result that the end 
cap was pushed off one or more of them, exposing bare 
uranium to the air. In still air a temperature of 350°C 
is all that is necessary to start a self heating oxidation in 
uranium. This is slow at first but the reaction rate increases 
rapidly with applied temperature. 


Water used as last resort 

Once this reaction was started it spread slowly despite 
all efforts to bring down the temperature. It was now rea- 
lized that there had been a serious cartridge burst but 
when an attempt to use the fission product detection gear 
was made it was found it had jammed although it had 
been tested before starting the Wigner release. This was 
not the first time the scanning gear had jammed. By the 
evening of Oct 10 about 150 channels were red hot. 
Attempts were made to discharge the incandescent car- 
tridges but they were jammed in the channels, so a ‘ fire- 
break’ was made by discharging adjacent channels, Next 
morning—the 11th—the major decision was taken that 
water would have to be used. This was turned on at about 
9 a.m. After about two hours the fire was under control 
but the water was kept on until 3 p.m. on Oct 12 by 
which time the pile was cold. 

Such is the outline of the affair. Sir William Penney’s 
account mentioned that the pile contained in addition to 
its normal load of aluminium-canned uranium fuel ele- 
ments, a number of cartridges of standard form, contain- 
ing lithium magnesium alloy—presumably for the manu- 
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SHUT DOWN PENDING MODIFICATIONS One of the 
first actions of the Penney inquiry was to order the stop- 
ping of No. 2 reactor. Seen here is the charge face—one of 
the first pictures ever released of the inside of Windscale 


facture of tritium. It insists that these were not experiments 
but routine processing and while the inquiry could not 
absolutely rule out the possibility of a failure of one of 
these cartridges causing the fire, they considered it unlikely. 
The Penney report emphasizes that there were no experi- 
ments either for civil or military purposes being done in 
the reactor at the time of the experiment except for a 
small magnet from a flowmeter. which was being tested. 
Outside the reactor building the sequence of events was 
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like this. On the morning of the 10th a 3-hour air sample 
taken outside the Health Physics administration building 
showed a count of over ten times normal. It was this 
which indicated a burst slug and an intensive air sampling 
programme was undertaken over the whole site. 

Next day, the Ilth, the air contamination figures rose 
to a wprrying but not dangerous level. They were patchy 
and not consistent but some counts reached to 150 the 
times the ICRP standard for lifetime breathing. But by 
noon the levels were dropping fast with values of | or 2. 

Total body radiation records of all workers involved 
were examined. The new ICRP tolerance level of 3-Or per 
13 week period was in force (the old one was 3-9r for 13 
weeks or 0°3 for 40-hour week). Over the current 13-week 
period which ended Oct 24, only 14 workers exceeded 
the m.p.l., the highest figure being only 4-66r. No workers 
had to be detained. Some had hair and hand contamina- 
tion which was removed by simple washing. A_ thyroid 
iodine and a Sr-89 and -90 survey is now in progress. 

Outside the factory very comprehensive measures were 
taken to protect the public but it is not possible to deal 
with them here. They are fully described in the White 


TIMETABLE OF AN ACCIDENT 


Cause 


Paper which includes a report by the Medical Research 
Council. The stack filter apparently performed remarkably 
well and stopped nearly all particulate matter, only iodine 
vapour being allowed through. 

Fleck to investigate IG organization 

In a statement by AEA chairman Sir Edwin Plowden, the 
Authority accepted full responsibility for the accident. 
Sir Edwin says the faults in judgement mentioned were 
themselves attributable to weaknesses in the organization 
and no disciplinary action is to be taken against any indi- 
vidual. Acting on the Authority’s suggestion, the Prime 
Minister has appointed three committees each under the 
chairmanship of Sir Alexander Fleck, chairman of Imperial 
Chemical Industries Ltd. The Technical Evaluation Com 
mittee is to make a study of technical aspects—in parti- 
cular the procedure for Wigner releases. It will also recom- 
mend regarding the starting of Windscale No 2 reactor 
it is at present closed down. The Organization Committee 
is to review the set-up of the Authority’s operations 
Branch and reactor staff. The Health and Safety Commit 
tee is to look into the organization within the Authority 
as a whole on this question. 


Effect 





OCTOBER 7 


01.13 Pile shut down for Wigner release. Main blowers off, thermocouples 


checked, u/s ones replaced 
19.25 Pile made divergent 


OCTOBER 8 


The nuclear heating went on into the early hours and was then 


This was a perfectly normal operation, done as 
routine about every six months 


Some temperatures were dropping but a substan- 


stopped. Some hours later, graphite temperatures seemed to be tial number were increasing. Second heats wer: 


dropping rather than rising, so a second heat was decided on 


11.05 Pile diverged again 


11.20 A rapid rise in uranium temperatures was seen and the control rods 


were sent in 


OCTOBER 9? 


During the day graphite temperatures showed general rising tendency 


with one channel having a steady rise 


OCTOBER 10 


normal but this one was started too soon. 


Graphite temperatures in one area, which were not 
measured, rose to high values causing failure of 
one or more elements by pushing off the end caps 
Insufficient instrumentation kept operators in 
ignorance of what was really happening 


Exposed uranium began to oxidize and smoulder, 
leading to failures of other cartridges and combus 
tion of graphite 





05.40 


Noon 


During the closing hours of the 9th and the early hours of the 10th 
several attempts were made with dampers to provide some cooling. 
This had no effect on the highest graphite temperature 

After a damper opening the stack activity meter showed a sharp 
increase. No action was taken as activity normally increased when 
air was first put through after a stoppage 

High activity reported from the Meteorological Office. By now burst 
cartridges were suspected 





Combustion had a good hold in one area 


It was in fact fission products from the burst 
cartridges 





13.45 Shut-down fans switched on as preliminary to use of scanning gear 

14.30 Scanning gear found ja d. Air ples taken and high activity This was not the first time it had happened in 
found. Charge plug on affected channel removed to give view of Wiener releases but the gear had been serviced the 
4 channels including one where thermocouple reading was highest. day before and found OK 
The elements were red hot 
All through the night attempts were made to discharge the burning They were only partly successful because the ele- 
channels ments had jammed in the channels 
By midnight it was decided to use water as a last resort By now about 150 channels in a rectangular area 

in the lower part of the pile were on fire 

OCTOBER 11 
During the early hours a fire break was made by discharging It contained the fire for a time but did not lower 
adjacent channels highest temperatures 
CO, from Calder was tried It was ineffective as the zone was too hot 

03.44 Hoses ready for use at 15 minutes notice 

08.55 Water turned on after day shift came on It had no immediate effect 

10.00 Shut down fans switched off This proved efficacious and by 11.00 the fire was 

under control. 

OCTOBER 12 

15.10 Water turned off. Pile now cold The incident was over 
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New Harwell test facility for 


homogeneous reactor development 


AQUEOUS CORROSION LOOP 


A HIGH PRESSURE experimental loop for the AERE, 
Harwell, was completed recently at the Sheffield works of 
Cravens Ltd, to the designs of Constructors John Brown 
Lid. Designed for a working pressure of 2200 Ib/in? 


the loop will be used for studying the corrosion of 


materials likely to be used in aqueous homogeneous 
reactors using uranyl sulphate solutions. In addition, the 
apparatus has provided invaluable design and manufactur- 
ing experience, since it has been built to the most exact- 
ing standards of inspection. 

Basically it consists merely of a stainless steel pipe cir- 
cuit round which the solution is pumped, and it incor- 
porates several test sections in which specimens can be 
mounted under various conditions of velocity, pressure 
and temperature. Pressure is provided by an electrically 
heated pressure vessel and a heat exchanger is fitted ex- 
changing between the two sides of the circuit. 

Circulation is by two canned rotor Allis-Chalmers pumps 
in series each rated at 15 gal/min against 32-35ft head. 
These pump the solution upwards through a heat exchanger 
consisting of a bundle of 19 tin. OD 26g tubes contained 
inside a 2tin. OD 4g pipe, the exchanger being in the 
form of a hairpin with the inner tubes in each leg. The 
tubes are expanded into tube plates fitting into the outer 
pipe. 

One of the tube plates is welded to the pipe, the other 
one is floating, to cater for differential expansion. This 


pipe continues up to the upper vessel in which surface 
contact heaters raise the temperature and pressure to the 
desired value. On leaving the top tank the solution flows 
over the heat exchange tubes thus raising the temperature 
of the rising solution and finally through finned tube heat 
exchanger cooled by air from a motor-driven fan, and so 
to the pump section. The test sections are incorporated 
at various points in the circuit. An oxygen apparatus is 
fitted so that a controlled amount of O, can be kept in 
the system 

The instrumentation system includes Foxboro-Yoxall 
differential pressure cells measuring the pressure rise across 
the pumps, Honeywell-Brown ElectroniK strip chart re- 
corder (0-400°C) and temperature indicator, a Cambridge 
edge-type pressure indicator (0-6in. water) measuring pres- 
sure drop across the cooler and a Budenberg gauge show- 
ing pressure at inlet to the loop. 

The most stringent precautions were taken in the manu- 
facture of the loop. A requirement was that every com- 
ponent should be traceable right back to the initial cast 
and since the stainless steel was obtained from several 
sources this meant a considerable administrative problem 
keeping track of the many components. Furthermore, if 
during machining there was any possibility of an identity 
number being removed, precautions had to be taken so 
that it was replaced immediately. The welding specifica- 
tion had to be adapted for this particular project in con- 
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main features of the loop and 

does not represent actual lay- 

out. The main heat exchanger 

for example, is in two legs of 
a hairpin 
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junction with the Authority and Lloyd’s Register who were 
responsible for inspection. These standards of work were 
laid down to cover the high standard of manufacture re- 
quired for this research loop. The entire welding was done 
by selected men, the welding consultants being Welding 
Supervision Ltd. 

Generally speaking there are three types of weld: pipe 
butt joints, pressure shell ends and nozzles. Argon-arc 
welding using BOC equipment was used throughout. Pipes 
were prepared with U-shaped preparation and butted to- 
gether. The interior was then purged with argon which 
was arranged to have a constant leak through the job. 
The pipes were then tacked and a fusion run made to form 
the root and ensure penetration right through to the inside 
where a limit was set on the maximum permissible size 
of the internal bead. The root run was then cleaned 











Typical weld preparations in |-inch stainless steel. 
All welding is argon-arc and fully radiographed 


completely and the U filled using metallic arc. Each 
separate run was tested by a penetrant method before 
proceeding to the next. When completely filled, the welds 
were cleaned off, care being taken to ensure that they 
were not undercut. Assembly of the pressure vessels fol- 
lowed the same general principles. Typically these are 
8in. OD lin. thick. The body is solid drawn tube and 
the ends are machined out of the solid, domed inside and 
flat on the outside. End nozzles were turned blind with 
a }in. spigot on the end for fitting into a pilot hole on 
the pressure vessel end. The shoulders below the spigot 
were chamfered off at 45° leading to a radius merging 
with the spigot to allow the entry of the welding arc 
right down to the spigot. When the space between the 
shoulders and the pressure vessel end were completely 
filled the nozzle and end were drilled right out to the cor- 
rect diameter. Side nozzles were dealt with in a similar 
way. Much of the piping is of jin. ID tubing forming 
connexions with the differential pressure instrumentation 
and all this too had to meet the same welding inspection. 

Inspection methods varied according to the job. Pipe 
joints wherever possible were done by a 200kV X-ray 
machine, four obliques at 90° being taken at each joint. 
Owing to the impossibility of introducing the apparatus 
into the pressure vessels, these components were examined 
by gamma radiography using a Imm by Imm Ir-191 
source. Stock materials and intermediate pressure vessel 
welds were also checked by Kelvin & Hughes ultrasonic 
flaw detection equipment. Penetrant methods were also 
used—particularly in situations where other methods were 
impossible. All radiography and non-destructive testing 
was carried out by Industrial Radiography (NDT) Ltd 
of Sheffield. 

Since the apparatus is essentially experimental, sections 
of the loop are demountable and the pipes in these posi- 
tions are connected by massive bolted flanged joints. These 
flanges are machined out of the solid and are complete 
with a tapered section with an end preparation for butting 
to the pipe. Sealing is by metal-to-metal contact. One 
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Typical pipe flange joint for test pressure of 3300 psi. 
Sealing is by softened stainless steel shim bearing on 
projections in counterbore 


flange of the pair was counterbored leaving two 0-005in. 
annular triangular section rings standing proud on th¢ 
flat end of the counterbore. The male flange is spigotted 
to fit the female one and a 0-010in. thick softened stainless 
steel shim washer is interposed between them. The two 
rings penetrate into the shim when the flange bolts are 
tightened by torque spanner, thus providing a metal-to 
metal contact all round. 

Valves used are of Harwell design and are similar to 
those used for liquid metals. In these, the gate is in the 
form of a frustum of a cone which seats with metal-to- 
metal contact in a corresponding seating in the valve body 
The spindles have air-cooling fins. The designed working 
pressure is 2200 lb/in* and before delivery the whole loop 
had to withstand an hydraulic test at 3300 Ib/in*. All parts 
were degreased before assembly and the whole circuit 
pickled internally on delivery at Harwell. 

Throughout the contract, close liaison was maintained 
with AERE Harwell, who provided much of the design 
data and assistance in the supply of materials. 


Valves are of Harwell 
liquid metal pattern 
with cooled spindles. 
The loop will be used 
at the AERE to _ in- 
vestigate the corrosion 
properties of materials 
likely to be used in 
aqueous homogeneous 
reactors 
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Railing leaves GEC chair 


Following the resignation of Sir Harry 
Railing on October 22. Mr Leslie 
Gamage has been elected chairman and 
managing director of GEC as from Nov- 
ember 1. 

Sir Harry has been with the company 
since 1905 when he took charge of the 
test department and laboratories at the 
Witton engineering works. Six years 
later he was made a director, and was 
in charge at Witton for twenty years. 
In 1943 he became chairman and joint 
managing director and was knighted in 





New chairman: Leslie Gamage 


the New Year Honours List of 1944. 
Although Sir Harry has resigned from 
these positions, he will remain a mem- 
ber of the board. 

Following graduation from Oxford and 
training as a solicitor, Leslie Gamage 
joined GEC in 1919 as assistant secre- 
tary. He became secretary in 1920 and 
joined the board in 1925 when he took 
responsibility for exports. He has been 
a member of the Grand Council of the 
FBI for 26 years and chairman of its 
subsidiary, British Overseas Fairs, for 2 
years. 


Stand-by sets for Berkeley 


Originally commissioned as skid-mounted 
equipment for portable power on the 
Berkeley site, two diesel alternator sets 
supplied by BTH to the Balfour Beatty 
Co are now installed in this station as 
stand-by units. Since they were ordered 
arrangements have been made to supply 
all construction requirements from an 
electricity sub-station. Total output of 
the sets is some 10 per cent of the maxi- 
mum demand for site use, but they will 
keep essential supplies going in the event 
of failure of the mains supply from the 
Midlands Electricity Board. The two 
diesel alternators are now available for 
running at full load in parallel on site 
busbars should the occasion arise. 

Each set consists of a Ruston-Paxman 
8 rph 8-cylinder V-form diesel engine 
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giving 267 bhp at 1000 rpm, driving a 
BTH 184 kW, 6-pole, 50 cycles, 433/ 
250 V, 4-wire rotating field alternator. 
The alternator is flange-mounted to the 
engine flywheel housing and is equipped 
with one endshield roller bearing and 
top-mounted belt-driven exciter. 

The engine, alternator and switchgear 
are all mounted on a skid underbed com- 
plete with canopy and side and end 
covers for its original purpose as open 
air equipment. 

The switchgear is also of BTH manu- 
facture and includes 400 amp, type AG2 
metalclad equipment fitted with busbar, 
isolators, air circuit breaker and com- 
plete with the usual meters, automatic 
voltage regulators, hand-operated exciter 
field rheostat and synchronizing equip- 
ment. 


Union Carbide have Van de Graaff 
Investigation of the properties of materi- 
als irradiated with high-energy neutrons 
from a million-volt Van de Graaff has 
begun at Union Carbide’s laboratory in 
Sterling Forest, New York. The accelera- 
tor will also serve as an aid in training 
new personnel in various radiation chem- 
istry techniques and in health physics. 
Extensive experiments in geophysics and 
geochemistry will be conducted using 
the equipment as a primary research tool. 
Various models of analytical equipment 
such as an emission spectrograph and an 
X-ray fluorescent spectrograph have 
been installed. 

Housed at the moment in a temporary 
building, the equipment will be moved 
to the new permanent nuclear and ore 
research centre when it is completed. 


Focal point of the centre will be a SMW 
pool-type research reactor. Other facili- 
ties will include a radioactive materials 
laboratory, an ores and an engineering 
laboratory. Research programmes will be 
geared to study the effects of radiation 
on products and processes involving plas- 
tics, gases, metals, carbon and chemicals. 


HW to build German reactor 

A contract for cooperation was signed 
recently by Head Wrightson Processes 
Ltd and Land-Nordrhein-Westfalen for 
the design and engineering of a high flux 
testing reactor. As reported briefly in 
Worldview last month this is similar to 
DIDO, HIFAR and the reactor recently 
ordered by Denmark. It will be used by 
the atomic research establishment of the 
Land and will be placed at the disposal 
of Aachen, Bonn, Cologne and Miinster 
Universities, together with ten research 
and development laboratories. Enriched 
fuel will be supplied by the UKAEA, 
which has given its approval to the con- 
tract. 

Containment shell designs for the re- 
actor are to be provided by Whessoe 
Ltd who built the shells for DIDO and 
PLUTO. In this case, actual construction 
will be performed by German engineers. 


TI Nuclear not yet profitable 

It would be misleading to imply that 
development work for atomic energy is 
‘yet as profitable as it is interesting.’ This 
is announced by Sir Ivan Stedeford, 
chairman of Tube Investments Ltd, in 
his recently published chairman’s state- 
ment. ‘In the pioneering stage this, per- 
haps, could not be expected,’ he goes 





Shown with the accelerating tube withdrawn from the tank is Union Carbide’s 
new million-volt Van de Graaff. Operating at UC’s laboratory at Sterling Forest, 
it will be used for irradiation studies 
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EXHIBITIONS ON THE ROAD 


Two caravans tour the Continent 


A new technique in displaying their products has been 
adopted by Sunvic Controls and George Kent. These two 
mobile exhibitions were at Interkama, Diisseldorf, from 


November 2 to 10, and then set out on a tour of Western 
Europe, the Sunvic trailer visiting Rotterdam, the Belgian 
nuclear research centre at Mol, and Brussels. Each is fit- 
ted with display panels and provided with necessary ser- 
vices including a small compressor for pneumatic instru- 
mentation. 





Kent coach is 32 ft long Sunvic use articulated vehicle 


Of particular interest in the Sunvic display was an electri- 
cally-operated 12 point demonstration data logger (Com- 
panies, November), designed for continuous scanning of 
points measuring process variables such as pressure, flow, 
level and temperature. Two of these are now being built 
for a large chemical company, one logging 400 tempera- 
ture points and one a mobile unit for any point in the 
plant. 

Kent equipment included several instruments of the 
Commander and Multilec ranges, a sectional steam-flow 
meter, water meters, a low-flow oil meter, unit type draught 
gauges and pH primary elements. A small electric furnace 
was fitted for use with temperature-recording instruments. 











on. * But if, at present, business is not 
necessarily a precursor of additional pro- 
fits, the future looks inviting.’ Altogether 
some fourteen TI companies, in the steel 
tube and other divisions, now produce a 
wide range of high precision and com- 
plex components, and the range should 
extend as continuing research resolves 
the technological problems. 


. . 

New shielding glass works 

During the first half of next year, the 
new Chance-Pilkington optical works is 
expected to produce large shielding win- 
dows for radiation protection. These will 
be approximately 4 ft 6 in. by 3 ft 4 in. 
thick in one large piece polished on both 
faces. Built in nine months, the new 
£750,000 factory at St Asaph, Flintshire, 
was opened on November 8 and is ex- 
pected to be fully operational by the end 
of the year. Eventually it will probably 
make all the spectacle glass needed in 
Great Britain and most of the optical 
glass for the scientific instrument, photo- 
graphic and cinematographic industries. 


ICI Metals at Atomfair 

One of the exhibitors at Atomfair °57, 
the third annual trade fair of the atomic 
industry, held in New York from Octo- 
ber 28-31, was ICI, illustrating past and 
present work of the Metals Division for 
nuclear engineering and nuclear power 
generation. Examples were shown of ex- 
tended surface tubing in aluminium and 
magnesium alloy for fuel cans and in 
steel for nuclear station heat exchangers. 
The display also included wrought zir- 
conium and titanium, tubes and plates 
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for condensers, and non-ferrous products 
for power station ancillary equipment in- 
cluding busbar and hollow copper con- 
ductors for turbo-alternator windings. 
The facilities at Marston Excelsior Ltd 
for the manufacture of fuel elements, 
ancillary coolers, brazed assemblies and 
fabricated pipework were illustrated and 
also ICI’s development work on _ the 
newer nuclear metals such as niobium 
and beryllium. 


Two safety firms merge 

\ merger is announced between the 
British firms James North and Sons Ltd 
and James North Export Ltd, and Jomac 
Incorporated of the USA, to form what 
is claimed to be the largest protective 
glove and clothing concern in the world. 
James North make p.v.c.-type gloves and 
clothing for protection in many types of 
industry including atomic energy. Jomac 
are known primarily for terry cloth work 
gloves, especially types that resist flame 
and heat. The new UK company will be 
known as North-Jomac Ltd and will 
market Jomac products in Europe and 
the Commonwealth; the American com- 
pany Jomac-North Inc will market North 
products in the USA. 


New factory for B&W 


The Royal ordnance factory at Dalmuir 
is to be transferred by the Ministry of 
Supply to Babcock & Wilcox Ltd. Take- 
over will be gradual, and up to Janu- 
ary 1, 1959, the factory will operate on 
ordnance work, Babcock putting into the 
shops work suited to their facilities on 
a subcontracted basis. Many of the ex- 


isting facilities at the factory fit in well 
with the company’s needs. Excellent 
fabrication and assembly areas are avail- 
able for the construction of pressure 
vessels of all types and for general engin- 
eering work for the power industry, in- 
cluding atomic energy and mechanical 
handling fields. In due course the present 
facilities will be augmented with addi- 
tional specialized equipment so that a 
greater variety of products can be made 
at Dalmuir. 


Vacuum melted steel on market 

A new high vacuum metallurgical depart- 
ment was officially opened recently at 
G. L. Willan Ltd by Sir Frederick Pick- 
worth, chairman of English Steel Cor- 
poration. With its S6lb high frequency 
vacuum melting furnace, this depart- 
ment is one of the first to offer special 
high duty steels made by this process on 
a commercial basis. 


The furnace was 





New 50 kW vacuum melting furnace 
is working at G. L. Willan’s factory 
in Sheffield 
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dered from Efco Edwards Vacuum 
Metallurgy Ltd in 1956 and a new 40ft 
»y 7Sft building erected to house it. Con- 
siderable interest has been taken in the 
equipment by several aircraft firms and 
instructions have been received to pro- 
ceed with preliminary experimental work. 
The vacuum chamber is constructed of 
mild steel plate; internal diameter is 
sft Yin. There is a horizontal dished 
cover at the top and a similar dished 
closing plate at the bottom. The lid is 
designed for lifting by block and tackle. 
Completely isolated from the chamber. 
the high frequency system consists of a 
motor alternator set and starter, a bank 
of capacitors and a control panel. The 
vacuum pumping system comprises a 100 
cu ft min air ballast rotary backing 
pump and a vapour booster pump. Pres- 
sures in the vacuum chamber are 
measured by a pirani gauge down to § 
10-3 mm and a cold cathode ionization 
gauge for pressures lower than this. 


Permutit at Bradwell 

In the section on industry's contribution 
to Bradwell, on p 433 of the October 
issue Of NUCLEAR POWER, it was stated 
that the silica content of treated water 
from the Permutit Deminrolit plant is 
not more than 0°5 ppm. We are now in- 
formed that this should read 0°05 ppm. 


Hayward Tyler pumps for Denmark 
An order for the three 70 h.p. main 
coolant pumps for the Danish heavy 
water reactor DR3 at Ris6 has been re- 
ceived by Hayward Tyler and Co Ltd 
from Head Wrightson Processes Ltd. 
They are the special glandless type in 
stainless steel already supplied for DiDo, 
PLUTO, DMTR, and HIFAR at Lucas 
Heights, Australia. 


New acoustic lab opened 

Most acoustic test chambers are rather 
restricted in size and limit the dimensions 
and range of equipment that can be dealt 
with. To provide scope for investigations 
on large machines and to allow tests to 
be carried out over their whole operat- 
ing range, a new and spacious acoustic 
laboratory has recently been built at the 
Tottenham works of Keith Blackman 
Ltd. 

It comprises two brick buildings, one 
inside the other with a 4 to 6in. air 
space between them. Outer shell is 14in. 
brickwork, inner shell 9in., and the com- 
plete structure rests on a concrete foun- 
dation laid on a 2in. cork raft, The roof 
is also of double construction with a 
Sin. air space, all the air spaces being 
used for ventilation. Entrance to the 
sound chamber is an airlock formed of 
steel-ftramed, heavy timber doors lined 
with sound-absorbing pads. Machine base 
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forming the testing area is a solid con- 
crete block measuring 10ft by Sft by 
2ft 6in. Instrumentation includes an 
audio-frequency spectrum recorder, port- 
able sound level meter, electronic stro- 
boscope and fan performance test set. 

Ventilation of the laboratory is im- 
portant because the insulation materials 
used mean that the chamber forms an 
ideal oven. The whole of the power in- 
put to the machines is dissipated as heat 
and the air temperature could rise as high 
as 500°F. Control of the air supply and 
exhaust is achieved by the laboratory's 
special ventilation scheme. 


New Calder model on show 

One of the exhibits at the Industrial 
Efficiency and Productivity Exhibition. 
held at the City Hall, Manchester, from 
November 5 to 16 was a site model of 
Calder Hall. On show publicly for the 
first time, this gave the general layout 
of the complete station. There was also 
a large sectional model of one of the 
reactors and a model of Dounreay fast 
breeder. The whole of the balcony in the 
exhibition hall was occupied by the larg- 
est display of working models ever seen 
in this country, Called Power for Indus- 
try, this display was insured for £20,000. 


In brief 


Brighton Laminations Ltd, one of the 
Ayling Industries Group, has changed its 
name to Bribond Ltd, and has moved 
from Portslade to a new factory in Bur- 
gess Hill, Sussex (tel: Burgess Hill 
85611). Bribond thermosetting and ther- 
moplastic laminated signs are supplied 
to AEA—properties make them useful 
in areas subject to radioactive contam- 
ination. 

English Electric’s new laboratories at 
Bradford have come into full use. 
Built over three years at a cost of 
£500,000, they provide facilities for de- 
velopment work by company’s aircraft 
equipment division, particularly in field 
of high speeds and associated high tem- 
peratures. 

Hivac Ltd are marketing augmented 
range of directly-heated, subminiature 
valves, many of which are exact equiva- 
lents of American types used in portable 
radio communication equipment. 
Abboflex Ltd have moved to a new fac- 
tory at Walnut Tree Close, Guildford, 
Surrey. Expansion will mean that the 
company’s range of products can be ex- 
tended to include flexible metallic tubing 
for high temperatures and pressures and 
for a number of new purposes. 

New electronics department of Bruce 
Peebles and Co Ltd at Inverleith, Edin- 
burgh, was formally opened recently by 
Rt Hon Thomas Johnston, chairman of 
the North of Scotland Hydro-Electric 
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Board. Designed to meet automation 
trends, laboratory facilities will provide 
service for industry and government de- 
partments. 

Third quarter of 1957 was the best 
quarter in the 27-year history of Texas 
Instruments Inc, and both sales and 
earnings for the full year should reach 
all-time highs, reports president Erik 
Jonsson. Total sales for 1957 are expec- 
ted to exceed $M6S. 

The annual prize-giving at Edmonton for 
apprentices of British Oxygen Gases Ltd 
(equipment division) and British Oxygen 
Engineering Ltd was held on November 
22. Guest of honour and a principal 
speaker was Edmund Giffen, Professor 
of Civil and Mechanical Engineering at 
Queen Mary College, London University. 
He headed the team which visited the 
USSR last year to investigate engineering 
education there. 








Chairman of the AAEC until Sept. 
1956, Sir Jack Stevens (right) is now 
chairman of Australian Electrical Indus- 
tries (Pty) Ltd and recently toured 
British AEIl factories. Here he is at 
the Berkeley site with Lord Chandos 





The Pulsometer Engineering Co Ltd, 
Reading have acquired the controlling 
interest in G. S. Tett & Co Ltd, water 
softener consultants and manufacturers 
of Bedfont Lane, Feltham, Middx. Mr 
F. B. Duncan, chairman, and Mr J. S. 
Woodrow, managing director, of Puls- 
ometer have joined the board of G. S. 
Tett. 

Range of equipment by Wakefield-Dick 
Industrial Oils Ltd for lubrication of 
works and transport vehicles will be per- 
manently on display at the new London 
showroom in Grosvenor St, London, W1. 
British Physical Laborateries were the 
only British exhibitor at the recent 
Canadian IRE convention and exposition 
in Toronto. 
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Sir Edward Thompson has been elected 
president of the British Engineers Asso- 
ciation. Mr A. I. Baker has been elected 
vice-president and the retiring president 
Mr W. K. G. Allen has been elected hon- 
orary treasurer. 


Vice-Admiral Sir Frank Mason, follow- 
ing his recent retirement as Engineer-in- 
Chief of the Fleet, has accepted a post 
as consultant to Metropolitan-Vickers 
Electrical Co Ltd. 


Mr W. L. Wray, managing director of 
Wandleside Cable Works Ltd is on a 
visit to the United States for discussions 
on technical developments, particularly 
irradiation as well as export matiers. 


M Pierre Hazebroucq, formerly commer- 
cial manager of the French National 
Board of Aeronautical Studies and Re- 
search has been appointed commercial 
manager of the Compagnie d’Applica- 
tions et de Recherches Atomiques, Paris. 


Mr M. Seaman, recently appointed direc- 
tor and general manager of British Oxy- 
gen Gases Ltd (equipment division) has 
relinquished his appointment as director 
and general manager of British Oxygen 
Engineering Ltd. Mr R. J. Foster has 
been appointed director and general man- 
ager of British Oxygen Aro Equipment 
Ltd. he was formerly general manager. 


Vokes Ltd have appointed Mr D. F. 
Ringe to the post of general manager. 


Dr James Reekie has been appointed 
chief engineer to Semiconductors Ltd, 
Ilford. Dr Reekie has for the last twelve 
years been in Canada where he was Pro- 
fessor of Physics at the University of 
Toronto, and later, head of the depart- 
ment of physics at the Royal Military 
College of Canada and latterly research 
director in semiconductors and solid state 
physics for the Northern Electric Com- 
pany. Montreal. 


PUBLICATIONS 


Changes in the board of directors of 
William Beardmore & Co Ltd have been 
announced as follows: Captain Q. H. 
Paterson has resigned as joint managing 
director and Mr P. M. Thomas, joint 
managing director has become sole man- 
aging director. 

Major-General E. L. Bols, CB. DSO. 
chairman of the Pefia Copper Mines Ltd 
has announced the name of the firm is 
to be changed to Pefia Industries Ltd 
since the old name no longer represents 
the full interests of the Pefia group. This 
has now four main divisions—electronics. 
metals, plastics and finance and owns 
majority holdings in several companies. 





West Instrument Ltd have appointed Mr 
C. G. Wolstenholme to be head of their 
new Midland sales office at Birmingham. 


Mr G. F. Spicer has been appointed by 
APV-Paramount Ltd to be their South- 
ern Area representative. He was formerly 
with K. & L. Steel founders & Engineers 
Ltd of Letchworth. 

The CEA have appointed Mr W. H. 
Dunkley, chief generation engineer (con- 
struction) Yorkshire Division, to the same 
post in the Midlands Division from 
January, 1958. Mr R. C. Hodson will 
become generation engineer (operation) 
in the Yorkshire Division. 

Mr James Hutchison, chairman of the 
British Oxygen Group of Companies is 
on a visit to British Oxygen’s associated 
companies in Australia and Canada. 
Robert W. Olson has been appointed 
vice-president—research and engineering 
of Texas Instruments Incorporated. 





The death occurred on October 8 of 
Arthur Willis Fitz, chief planning engi- 
neer, The Nuclear Power Plant Co Ltd 
Mr Fitz was responsible for the erection 
planning and coordination of site ser- 
vices and equipment at Bradwell. 





[wenty-five years’ work of the Interna- 
tional Tin Research Council is com- 
memorated in Tin and Its Uses No. 40, 
from Tin Research Institute, Fraser Rd, 
Perivale, Middlesex. 

Methods of detecting defects in roiled 
steel sheet is subject of article by A. M. 
Armour in MV Gazette No 457. Price 1 
from Metropolitan-Vickers Electrical Co 
Ltd, Trafford Park, Manchester 17. 
Theory of resistance thermometers is in- 
cluded in new brochure (No 134) from 
Foster Instrument Co Ltd, Letchworth, 
Herts. It includes details of Foster in- 
struments. 


Pneumatic operation of large disk valve 
for National Gas Turbine Establishment 
is described in Journal of Applied Pneu- 
matics No 17 from Martonair Ltd, Park- 
shot, Richmond, Surrey. 
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Electrostatic dust precipitation is subject 
of publication No 7009 from Sturtevant 
Engineering Co Ltd, Southern House, 
Cannon St, London EC4. Superseding 
earlier edition, it includes illustrations of 
Sturtevant plants all over the world. 


A guide to valve practice from Sir W. H. 
Bailey & Co Ltd, Patricroft, Manchester, 
includes history of firm’s 125 years. 


Catalogue of Power Plant and Equipment 
a comprehensive loose leaf binder 
from Petbow Ltd, Sandwich, Kent, con- 
tains full details of welding plant and 
equipment, portable and mobile generat- 
ing plant, mobile service units. 
Specifications of Hiduminium RRS58 
sheet has been issued by High Duty 
Alloys Ltd, Slough, Bucks. To DTD 5070, 


it is suitable for continuous exposure to 
ro a be 


New series of publications has been re- 
ceived from Air Control Installations 
Ltd, Ruislip, Middlesex. Includes new 
products in air moving and cleaning field. 


Heating tapes, mantles and blankets are 
fully described in catalogue from Isopad 
Ltd, Barnet Bypass, Boreham Wood. 


Applications of high-frequency induction 
heating are described in Radyme Review 
No 1 from Radio Heaters Ltd, Eastheath 
Avenue, Wokingham, Berks. 


C-core transformers, chokes etc. are in- 
cluded in illustrated brochure from 
Atkins, Robertson and Whiteford Ltd, 
Industrial Estate, Thornliebank, Glasgow, 
Dermatitis control in handling epoxide 
resins is subject of Technical Memoran- 
dum E101 from Bakelite Ltd, 12-18 
Grosvenor Gardens, London SW1. 
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TUNGSTEN BASE 


Heavy Alloy 


Supplied in densities from 16-7 to 18-0 g/cc. 
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An orbital teletherapy 
unit using G.E.C. Heavy 
Alloy. 

With acknowledgements 
to Atomic Energy of 
Canada Ltd. 






A 6” G.E.C. Heavy Alloy 
Sphere weighing 65 Ibs. 
being placed in an 8” 
lead wall in the lsotope 
Division, Harwell. 


Informative publication No. 386! on 
application. 


THE GENERAL ELECTRIC COMPANY LIMITED, Component Sales Dept., Osram 
Metals Division, East Lane, Wembley, Middlesex. 


531 








INSTITOTIONS 





Vacuum system at Capenhurst 
With 100 miles of pipework, 10,000 and 
100,000 welded and flanged joints, the 
AEA’s Capenhurst 
plant is the largest vacuum system in 
Western Europe. This was stated by Dr 
H. Kronberger in a lecture 
techniques in the atomic energy industry 

to the Institution of Mechanical En- 
gineers in London on November 8. The 
chief physicist of the Authority's Indus- 
trial Group said that when Capenhurst 
was designed the vacuum problem was 
the most formidable and it was tackled 
on three fronts: establishment of correct 
design principles, development of fast- 
acting vacuum testing and leak-location 
equipment, and careful managerial con- 
trol of inspection and testing procedure. 
At first, rejection rate of components on 
grounds of leaks was 58 pct: this later 
fell to 10 pet. 

In addition to plant where vacuum is 
an essential part of the process, vacuum 
technology is also used in other plant 
to ensure tightness and cleanliness even 
when it is not intended to operate under 
high-vacuum conditions. Dr Kronberger 
thought the potential advantages of this 
are not as widely recognized as they 
should be in industry. 


gaseous diffusion 


Vacuum 


Nuclear paper wins IME medal 


The premier award of the Institution of 
Mechanical Engineers, the Thomas 
Hawksley gold medal, which is awarded 
for the outstanding paper of the year 
by a member, has been won by B. L. 
Goodlet for his paper Nuclear reactors 
for power generation. Now chief en- 
gineer and director of Brush Electrical 
Engineering Co, Mr Goodlett’ was 
formerly deputy chief engineer at Har- 
well and was responsible for the feasi- 
bility study for Calder Hall. He was a 
member of the party of nuclear scientists 
who visited Moscow in 1955. 


Competitive tendering urged 


‘I believe that in the end competitive 
tendering will win the day to the exclu- 
sion of other methods of deciding con- 
tracts, declared Sir Frederick Whitaker 
in his presidential address to the Insti- 
tution of Civil Engineers on November 5. 
The war brought a loosening in the tra- 
ditions of tendering because time and not 
cost was then the governing factor, and 
work had to be started when only the 
main essential requirements could be de- 
fined. Normal conditions had not yet 
been reattained and it might take many 
years. ‘If my belief is correct,’ Sir Fred- 
erick went on, ‘and I have good grounds 
for believing it is, it will be essential that 
schemes should be worked-up fully be- 
fore tendering is undertaken, and that 
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the requirements to be fulfilled and the 
risks to be taken are defined as closely 
as can be. It is a failure to do this, 
whether from undue haste in undertaking 
a project or from inadequate prepara- 
tion on the part of engineers, that has 
enhanced the attractions of the contract 
placed on a target basis.’ 


IM to discuss metal defects 


Organized by the metal physics com- 
mittee of the Institute of Metals, a sym- 
posium on Vacancies and other point de- 
fects in metals and alloys will be held 
at Harwell on December 9 and 10. On 
the first day there will be visits to vari- 
ous research laboratories and to DIDO, 
and an introductory lecture for the bene- 
fit of non-specialists by Prof R. W. K. 
Honeycombe, professor of physical 
metallurgy at Sheffield University. Dur- 
ing the second day a number of papers 
will be presented and discussed: Point 
defects and mechanical properties of 
metals and alloys at low temperatures 
by Dr A. H. Cottrell (Harwell); The 
effects of lattice defects on some physical 
properties of metals by Dr T. Boon and 
R. K. Ham (Birmingham University); 
Point defects and diffusion in metals and 
alloys by Dr W. M. Lomer (Harwell); 
Point defects and mechanical properties 
of ionic crystals by Dr P. L. Pratt (Bir- 
mingham University); Point defects near 
the surface of a metal by E. C. Williams 
and P. C. S. Hayfield (ICI Metals Div); 
and Point defects and mechanical pro- 
perties of metals and alloys at high tem- 
peratures by Dr D. McLean (NPL). 

Application should be made as early 
as possible to the Secretary of the Insti- 
tute of Metals, 17 Belgrave Square, 
London, SWI. 


British Council and science 


Widespread attention and respect for 
Britain have been secured overseas by 
the opening of Calder Hall, states the 
British Council's report for 1956-57. Such 
publicity needs to be supported by a 
sustained flow of information and an 
increasing proportion of the Council’s 
work consists in helping to disseminate 
knowledge of British scientific achieve- 
ment and serving as a link between 
British experts and professional bodies 
and their opposite numbers overseas. In 
the last five years the Council has assisted 
some 7,000 visitors in the sciences, many 
of whom wished to survey instruments 
and equipment designed and built in 
Britain. It also helps overseas in organ- 
izing tours and lecture courses, and it 
was the British Council which obtained 
the services of Dr A. G. Maddock, iso- 
topes editor of NUCLEAR POWER, as direc- 
tor of the course on radioisotopes held 
at Chile University in 1956. 





Nuclear management and safety 


‘In the preparation for commissioning anc 
full-scale operation of new processes we 
have attached great importance to the 
preparation of instructional and safety 
manuals and the clear unambiguous lay 
ing down of safety procedures. This is 
an essential part of the production stafl 
responsibilities, in the carrying out of 
which they have available the specialist 
service of safety and training office.” This 
was stated on November 7 at the BIM 
national conference by Dr H. Rogan 
works general manager of Springfields in 
his address Atomic energy—the manage- 
ment of a new industry. Another ‘ inter- 
esting and rather awesome’ development 
is the recording of movements of pure 
or concentrated fissionable materials to 
prevent a criticality incident. 

Purity requirements in nuclear fuels 
go even beyond the ‘standards in phar- 
maceutical products’ and a large central 
laboratory service is necessary for speed. 
In this connexion, Dr Rogan stressed 
that the ability of the average process 
operator to carry out, after proper train- 
ing, routine laboratory tests on materials 
should not be underrated. 


In brief 


Individual copies of most of the papers 
presented at the Geneva conference are 
still available. They may be ordered 
through HMSO, price Is 9d (post free); 
exact titles of the papers and their docu- 
ment numbers should be given if pos- 
sible. 


Symposium on /nstrumentation and com- 
putation in process development and 
plant design will be held in London in 
summer 1959, organized jointly by the 
Institution of Chemical Engineers, the 
Society of Instrument Technology and 
the British Computer Society. Enquiries 
to the ICE, 16 Belgrave Square, SW1. 


Institute of Fuel was admitted to mem- 
bership of the BNEC at a recent meet- 
ing of the board under the chairmanship 
of Sir John Cockcroft. 


Institution of Chemical Engineers has 
joined the European Federation of 
Chemical Engineering. Object of the 
Federation is ‘ the furthering of European 
cooperation in the field of chemical en- 
gineering, which includes chemical 
apparatus and equipment, chemical pro- 
cess technology, materials as applied in 
the industry, and basic chemical opera- 
tions.’ 


Exhibition of X-ray apparatus is being 
held at the Royal Horticultural Hall 
from November 27-29. Equipment shown 
is confined to medical apparatus and ac- 
cessories for radiology and radiotherapy. 
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RESEARCH REPORTS 





The following reports have been made available to the public by the United 
Kingdom Atomic Energy Authority. They may be borrowed or photocopies 
obtained from the Science Library, London, Department of Industrial and 
Forensic Science, Belfast, the Mitchell Library, Glasgow, and the Central 
Libraries at Acton, Birmingham, Bristol, Kingston-upon-Hull, Leeds, Liver- 
pool, Manchester, Newcastle-upon-Tyne and Sheffield. They are also deposited 
in the Copyright Libraries (i.e. British Museum; University Library, Cambridge; 
Radcliffe Science Library, Oxford; National Library of Scotland, Edinburgh; 
National Library of Waies, Aberystwyth) and in the Patent Office Library. 
Reports marked* may be purchased from Her Majesty's Stationery Office. 


Reports are also available in the United States, from the USAEC depository 
libraries, a list of which will be found in NUCLEAR SCIENCE ABSTRACTS. 
Reports for sale may be purchased in the United States from: Sales Section, 
British Information Services, 30 Rockefeller Plaza, New York 20, N.Y. 


AERE Harwell 


Determination of the optimum thickness of uranium container 
for fast neutron irradiations in a pile. F. W. Fenning. (Jan 27, 
1956. 4 pp) AERE N/R 305 Is 2d* 

Production of I'’ from tellurium in GLEEP. A. W. Kenny, W, T. 
Sprage. (April 1949. 14 pp) AERE C/R 349 2s 6d* 

A useful electrolytic cell. F. Hudswell, K. L. Wilkinson, J. C. 
Waldron. (Sept 10, 1951. 10 pp) AERE C/R 779 3s* 
Tri-n-butyl phosphate studies. Parts 1, 2 and 3. J. Kennedy, 
S. S. Grimley, (Oct 6, 1952. 22 pp) AERE CE/R 968 4s 6d* 
The separation and purification of milligram quantities of 
americium. P. D. Herniman. (Jan 26, 1953. 8 pp) AERE C/R 
1113 1s 9d* 

The effect of oxygen isotopes in the analysis of plutonium 
isotopes using plutonium oxide ion beams in the solid source 
mass spectrometer. G. R. Hall, G. H. Palmer. (March 11, 1953. 
5 pp) AERE C/R 1150 Is 9d* 

The separation of zirconium and hafnium. Third phase forma- 
tion in the solvent extraction from aqueous nitric acid solu- 
tions using tributyl phosphate in various diluents. F. Hudswell, 
J. C, H. Waldron, B. R. Harder. (Oct 2, 1954. 6 pp) AERE 
C/R 1520 2nd issue 1s 9d* 

Report on a conference on neutron source preparation and 
calibration held at Buckland House on the 8th and 9th July, 
1954. D. J. Littler. (Dec 1954. 62 pp) AERE NP/R 1577 9s* 
Some further experiments on radiation damage in magnesium 
oxide. F. P. Clarke. (May 1957. 18 pp) AERE M/R 1863A 
Vapour pressure differences between some of the isotopic 
species of carbon monoxide, methane and oxygen. Part 1. 
Experimental. 7. F. Johns. (Jan 1957. 53 pp) AERE GP/R 
2166 7s 9d* 

Theory of spiral-ridged synchrotrons with straight sections. 
M. J. Mitchell, D. Morgan. (May 1957. 26 pp) AERE TP/R 
2175 4s* 

Control of pH by ion exchange. P. C. Davidge, D. E. Glanville, 
E. Glueckauf. Sept 28, 1954. 12 pp) AERE C/R 2180 2s 6d* 
Non-linear effects in spiral ridge cyclotrons. N. M. King. (April 
1957. 40 pp) AERE GP/R 2205 6s* 

An analytical treatment of non-linear effects in the spiral ridged 
cyclotron. M. Bell. (March 1957. 34 pp) AERE T/R 2209 5s* 
The behaviour of a flux of neutrons in the neighbourhood of 
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a control plate. R. J. Royston. (March 1957. 20 pp) AERE 
T/R 2211 3s* 

Multiple-chamber shock tubes. K. Dolder. (May 1957. 11 pp) 
AERE GP/R 2238 

Solution of the pile equation for a bar cylindrical system of 
hexagonal cross-section. K. C. Hines, D. W. Holbrough. (April 
1957.7 pp) AERE R/R 2248 Is 9d 

Some investigations of the preparation of properties of 
metallic slurry systems with particular reference to particle 
behaviour. G. W. Greenwood, B. Sharpe. (Dec 2, 1954. 30 pp) 
AERE M/R 2250 5s* 

The construction and operation of a single crystal neutron 
spectrometer. N. J. Pattenden, A. H. Baston. (May 21, 1957. 
25 pp) AERE NP/R 2251 S5s* 

The determination by 1adioactivation of trace quantities of 
arsenic, antimony and copper in pure silicon. A. A. Smales 
et al. (April 1957. 26 pp) AERE C/R 2254 4s 6d* 

The measurement of electron temperatures by microwave 
methods. A. N. Dellis. (May 1957. 14 pp) AERE GP/R 2265 
The application of ‘ end-on input’ electron-multipliers to ion 
beam detection in the mass spectrometer. D. B. McCulloch 
(May 1957. 25 pp) AERE GP/R 2279 

A report on gamma and beta gamma survey equipments 1390A 
and 1391A. J. H. Howes. (August 1957. 21 pp) AERE EL/R 
2336 4s* 

The hydrolysis of thorium fluoride. B. A. J. Lister, P. M 
Bartlett, (Feb 1955. 6 pp) AERE C/M 237 Is 9d* 

A small scale cyclone micronizer. J. D. M. McConnell. (June 
1957. 5 pp) AERE C/M 319 10d* 

An oil-free pumping system. A. H. Turnbull. (June 1957. 5 pp) 
AERE GP/M 201 

Limitations and extension of the coincidence method for 
measuring the activity of beta-gamma emitters. J. L. Putman. 
(July 13, 1953. 6 pp) AERE I/M 26 Is 6d* 

Cadmium poisoning. F. M. Turner, (May 1957. 10 pp) AERE 
Med/M 17 Is 7d* 

Inclusions in uranium metal. K. E. G. Meredith, M. B. Wal- 
dron. (May 1957. 15 pp) AERE M/M 156 

Boron films. D. Barnes, R. B. Mackenzie, R. Aves. (June 1957. 
6 pp) AERE R/M 125 Is 9d* 

One-group perturbation theory for spherically symmetric re- 
actors. J, Codd (June 2, 1954. 8 pp) AERE RP/M 42 Is 9d* 
Safety factors in plutonium storage. M. B. Biram, K. T. 
Spinney. (July 1952. 19 pp) AERE T/M 63 3s 6d* 
Azimuthal inhomogeneity in the strong-focussing bevatron. 
Part 2. J. S. Bell. (June 1955. 4 pp) AERE T/M 86 Is 9d* 


Industrial Group 

A system for emission spectrographic analysis of radioactive 
materials. J. Cherry. (May 29, 1957. 8 pp) IGO R/W S50 
Irradiation of steels. T. J. Heal. (August, 1957. 11 pp) IGR 
TN/C 651. 





ICE Institution of Civil Engineers, IMechE Institution of Mechanical Engineers. 
IEE Institution of Electrical Engineers. IChemE Institution of Chemical 
Engineers. IP Institute of Physics. PS Physical Society, SCI Society of Chemical 
Industry. IM Institute of Metals, IMet Institution of Metallurgists, IMM 
Institution of Mining and Metallurgy. IPE Incorporated Plant Engineers. SIT 
Society of Instrument Technology. Brit/IRE British Institution of Radio 
Engineers. WES Womens Engineering Society. 


DECEMBER 

TUESDAY 3 

LONDON IEE Measurement and Radio Sections, 3 papers by 
G. M. Ettinger, G. B. B. Chaplin, A. R. Owens, R. Williamson 
5.30 at the Institution 

BIRKENHEAD IChemE The selection and operation of sol- 
vent extraction equipment J. A. H. Walker 7.00 at the 
Technical College 

WEDNESDAY 4 

LONDON BritIRE Recent developments in electronic instru- 
ment design E. Garthwaite, A. G. Wray 6.30 at the London 
School of Tropical Medicine and Hygiene, Gower St, WC1 
THURSDAY 5 

LONDON IEE with BNEC Advanced types of power reactors 
J.V. Dunworth 5.30 at the Institution 

MONDAY 9 

LONDON IEE Discussion: Where should research end and 
development start 5.30 at the Institution 

WEDNESDAY 11 

NOTTINGHAM IPE Mechanical handling A. E. Holmes 
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7.00 in the Sherwood Room, County Hotel 

BRISTOL IPE Air compressors A. H. Bailey 7.15 at the 
Grand Hotel 

BIRMINGHAM [IChemE Models for piping design and con- 
struction M. K. Brown, E. Holmes 6.30 at the Midland 
Institute, Paradise St 


THURSDAY 12 

MANCHESTER BritIRE Process heating M. O’C. Horgan 
6.30 at Reynolds Hall, College of Technology, Sackville St 
GLASGOW IPE Electric arc welding J. W. Macfarlane 
7.15 at Scottish Building Centre, 425 Sauchiehall St 


FRIDAY 13 ‘ ; 
LONDON IEE Discussion on Basic experiments on servo 
mechanisms, 6.00 at the Institution 


TUESDAY 17 

LONDON ICE Graham Clark: The engineer and manage- 
ment Sir Ewart Smith 5.30 at the Institution 

MANCHESTER IChemE Chemical engineering aspects of 
gas-solid reactions Prof K. G. Denbigh 7.00 at Reynolds Hall, 
College of Science and Technology 

LONDON IEE Recent use of ultrasonics in investigating the 
characteristics of materials J. Lamb 5.30 at the Institution 


THURSDAY 19 or : 
BLACKBURN IPE Some aspects of boiler inspection W. A. 
Mills 7.30 at Golden Lion Hotel 
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B. Bestre 
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And what of tomorrow 
Approach to modern physics, An 


Atomic energy in Canada—2nd edition 


Atomic energy 
Atomic quest 


is your business 
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Atomic weapons and east-west relations 


Automatic d gital computers 
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Neutron transport theory 
Nuclear engineering 
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Nuclear reactor data—2nd edition 
Physics of nuclear reactors, The 
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d.c. multiplexing equipment 


Graphite resistor furnices 
Ultrasonic flaw detector 


General Radiological Ltd. 
ratemeter 


Lightweight 


Honeywell-Brown Ltd 
recorders 

Hull & Son Lid, F. 

Isotope Developments Lid 
beta-gauge 


ElectroniK strip chart 


Lead shielding blocks 
Double chamber 


IDL gamma switch 
Jobling Lid, James A. 
glass 
Kelvin & Hughes (Industrial) Ltd 
wiring seals 


Electr.cally-conducting 
Gas-tight 


Kent Lid, George Boiler water control system 
Kingsbourne Products Ltd 
acting pump in PTFE 

Klinger Lid, Richard Cocks 
London Transformer Products Ltd 
formers 


Lyons Ltd, Claude 
transformers 


Miniature direct- 


Trans- 
Automatic tap-change 


Mancuna Engineering Ltd. 
unit 


Dust extraction 


Metropolitan Combustion Engineering Ltd 
Reactor gas valves 


Metropolitan-Vickers Electrical Co Ltd 
Beam bending magnets 


X-ray equipment, gas insulated 
Mills Scaffold Co Ltd Self-lock scaffolding 
Muirhead & Co Ltd Decade res/stance units 
Newburgh Eng-neering Co Ltd /ron shieid.ng 
biocks 
Panax Equipment Ltd 
Permutit Co Ltd, The Distilled water plant 
Philips Electrical Co Ltd a.c. 
stabilizer 
Powell Duffryn Carbon Products Ltd Graphite 
heat exchangers 
Pulsometer Engineering Co Ltd, The 
high vacuum pump 


Scintillation castle 


voltage 


Rotary 

Quasi-are Lid Automatic arc weiding 

Racal Engineering Lid 
supp.y unit 

Rhodes, Brydon & Youatt Lid 
pumps 


Stabilized power 
Liquid metal 


Radiation Monitors Ltd Geiger counter 

Savage & Parsons Ltd Remote reading 
res. stance thermometers 

Shandon Scientific Co Lid Remote control 
metailurgical microscope 

Solartron Electric Group Ltd, The 
metal sorter and resistivity meter 

Solus-Schall Ltd Ultrasonic flaw detector 


Solartron Electronic Group Ltd, The X-ray 
spectrometer 


Portable 


Square D Ltd d.c. pneumatic timer 
Stonebridge Electrical Co Lid 
chart recorder (agents) 
Talbot Stead Tube Co Lid 
pipe fittings 
Teddington Industrial 
.p. solenoid valve 


Miniature 
Stainless steel- 
Equipment Ltd 


liquid level switch 
Teleflex Products Ltd Remote control cab‘es 
Towers & Co Lid, J. W. Angled front 
glove box 
20th Century Electronics Ltd 
Geiger miiller counter 
Double gun tube 
Vacu-Blast Lid Grit blasting unit 
Venner Electronics Ltd 
Crystal oscillator 


Frequency and time measurement set 
a 


PATENTS 
751,700 Nuclear reactor 

Stichting voor Fundamenteel Onder- 
zoek der Materie 


754,183 Improvements in nuclear chain reactors 
Allemanna Svenska Elektrisk AB 

754,559 Improvements in thermal nuclear re- 
actors, in particular for aircraft 
propulsion 
H.P.G.A.R. von Zborowski 

755,015 Process of nuclear fission 
Stichting voor fundamenteel Onder- 
zoek der Materie 

755,291 Improvements in devices for evacu- 


ation of heat 
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A process of and apparatus for 
carrying out nuclear reactions 
Stichting voor Fundamenteel Onder- 
zoek der Materie 

Process for carrying out nuclear fis- 
sion reactions 

Stichting voor Fundamenteel Onder- 





zoek der Materie 77 
Improvements re‘ating to the utiliz’- 
tion of the nuclear combustion of 
hydrogen 
G. F. Hemens 77 
Improvements in or relat'ng to re- 
actors employing nuclear fissionable 
material 
Westinghouse Electrical International 
Co 77 
Improved methods of and means for 
converting the energy of nuclear 
radiations into useful electrical 
energy 
Radio Corporation of America 77 
A new apnaratus for producing an 
electric current 
H.V. Colman and R. W. D. Seddon- 
Gillespie 212 
Improvements in or relating to 
nuclear power units 
United Kingdom Atomic’ Energs 
Authority 121 
Improvements in or relating to puri- 
fication of metals 
The General Electric Co Ltd and 
€. &. Goodman 121 
Improvements in or relating to pro- 
duction of radioactive iodine-131 
United Kingdom Atomic Energy 
Authority 122 
Improvements in or relating to pro- 
duction of radioactive phosphorus 
United Kingdom Atomic Energy 
Authority =e 
Improvements in or relating to 
methods of separating plutonium 
United Kingdom Atomic’ Energs 
Authorits 22 
Improvements in or relating to semi- 
cond:ictor materia's 
Standard Telephones and Cables Lid 212 
Improvements relating to fuel rod 
assemblies for nuclear reactors 
Atomic Energy of Canada Ltd 212 
Improvements in or _ relating to 
nuclear reactors 
Metallgesellschaft Aktiengesellschaft, 
and Deutsche Gold- und _ Silber- 
Scheideanstalt Vormals Roessler 394 
Nuclear reactor 
Var.an Associates 486 
Improvements in or relating to 
chemical treatment of plutonium 
hexafluoride and uranium _hexa- 
fluoride 
United Kingdom Atomic Energy 
Authority 304 
Improventents in or relating to fuel 
element charging /discharging gear for 
nuclear reactors 
United Kingdom Atomic Energy 
Authority 394 
Improvements in or relating to 
nuclear reactor elements 
Brown Boveri & Co Ltd 304 
Nuclear reactor and reactor tube 
therefor 
Stichting voor Fundamenteel Onder- 
zoek der Materie 304 
Improvements in or relating to the 
metal sheathing of solid bodies 
United Kingdom Atomic’ Energy 
Authority 304 
Method and device for the produc- 
tion of energy from exothermal 
chemical or nuclear reactions 
Paul Schmidt 486 
Improvements in or relating to 
nuclear reactors 
United Kingdom Atomic’ Energ) 
Authority 394 
Apparatus for controlling gas _ pres- 
sure 
Schlumberger Well Surveying Cor- 
poration 486 
Improvements in nuclear reactors 
provided with a neutron flux mea- 
surement device 
Commissariat a lUEnergie Atomique 394 
Improvements in or relating to 
nuclear reactors 
United Kingdom Atomic” Energy 
Authority 486 
Nuclear reactors 
Deutsche Gold- und Si.ber-Scheide- 
anstalt Vorma’s Roessler 485 
NUCLEAR POWER DECEMBER 1957 








a 


™~ VES fC 


SMALL NUCLEAR POWER STATION 


of the 


ALCO PRESSURISED WATER TYPE 


based on the 


APPR now in regular operation at 
Fort Belvior near Washington, D.C. 


A station giving 50 MW of heat or 
10 MW of electricity or equivalent 
output of heat and electricity is 
available from 

Humphreys & Glasgow Limited 
Delivery about 30 months. 


The Nuclear plant will be made 

by Daniel Adamson of 

Dukinfield to the design of Alco H U a | P H 34 E Y $ & G LA $ G 0) W L T D 

Products Inc. of Schenectady HUMGLAS HOUSE - CARLISLE PLACE - LONDON S.W.1 
Telephone: ViCtoria 8454 


ALSO IN CANADA * AUSTRALIA © FRANCE © GERMANY © SOUTH AFRICA - INDIA - JAPAN 
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It can’t be 


done without 
































































MANY VALVES AVAILABLE ex stock 


VALVES DESIGNED for special conditions 


the( 
the\ 





is of the 


ruption. 


Alternative types of hand operating gear are available including hand 


MVC 


PRODUCTS }!_ 


—————S=== 


In an incredibly short space of time,‘telly-welly’ 
has become an accepted part of our day-to-day 


CONTROL 


living. Hour after hour this modern invention 
keeps us entertained and we don’t really give 
much thought to the efficient organisation behind 
the entertainment, the skilled operators and 


complicated mechanism that controls 
what we see on our fireside screen. 


Just as unobtrusively reliably and 
efficiently do Magnetic Valves, with 
over 25 years of valve ‘ know-how 
built into them, control air, oil, steam, 
coal gas—in fact, many industrial 
liquids or gases. They can do this 
automatically or remotely, and without 
the aid of glands, stuffing-boxes, or 
driving-shafts. Send for our illustrated 
literature detailing the standard range. 
Special valves up to 12 in. orifice can 
be supplied. 





The valve is of ** packless ” 
sizes ranging from } in. up to and including 12 in. 


lever, and push up spring return patterns. 


The installation of this valve is an essential precaution with all types of 
gas and oii fired equipment and ensures complete isolation of the fuel 
supply in the event of an interruption of the electrical supply WITHOUT 
automatic opening when such electrical supply is restored. 

A Flameproof solenoid housing, 


required. 


Buxton Certified, 


THE MAGNETIC SAFETY CUT-OUT VALVE 

semi-automatic hand open:ng electrically maintained pattern, 
ensuring instantaneous and complete closure in the event of current inter- 
construction, and can be supplied in 


can be fitted where 











Magnetic Valve Comp 


any 


LIMITED 




























































































¥.50 












































































































































































































































































































































Further information may be obtained from : 


THE MORGAN GRUCIBLE COMPANY LIMITED 
‘Y” DEPARTMENT, NORTON WORKS, WOODBURY LANE, NORTON, WORCESTER 
Telephcne : WORCESTER 6691/2 



























































28 ST. JAMES’S PLACE LONDON - S.W.! Tel.: HYDe Parx 7588 _MV/17(B) 
HHH t im 
tty 
Trt, 
sees 
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a HAH HERA H+ 
A HIGH VALUE, GLASS ENCLOSED RESISTOR, 
OF HIGH STABILITY COVERING THE RANGE 10’ to 10'4 OHMS. 


APPROVED BY THE M.O.S. TO A.E.R.E. SPECIFICATION 390. 


Telegrams : CRUCIBLE, WORCESTER 
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In collaboration with the Ministry of Works Engineering Staff 
we designed and installed a special form of circular motion 
Overhead Electric Travelling Crane, for operation in Britain’s 
first experimental Reactor at Harwell. 
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| 
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Further circular motion units have been installed at both 
Harwell and Dounreay, the latter on instructions from the 
United Kingdom Atomic Energy Authority. 











Shortly we will commission a similar crane for the Australian 
Atomic Energy Commission. 


The cranes are designed for a lift of 25 tons on a span of 
approximately 67 ft. 


DIDO —-PLUTO 













We are currently engaged in the installation of Main Turbine 
House and Blower House Cranes for Calder “ B” and Chapel 
Cross Atomic Power Stations. 


roe MPD TOP) conme + worer co wre 


REDDISH STOCKPORT ENGLAND 








Phone: Heaton Moor 2227. Grams: ‘‘ Gallant, Manchester.” Code: Western-Union 
London : Lincoln Chambers, Portsmouth Street, London W.C.2. Tel Chancery 7911 

Scotland : Fisher, Baxter & Co., 140 West George Street, Glasgow. C.2. Phone : Douglas 1061-2-3 Grams : ‘ Fluorspar’ Glasgow 
Midlands: A. R. Holland & Son. 89 Cornwall Street, Birmingham, 3. Phone : Central 1457. Grams: Central 1457, Birmingham 
South West: R. C. Collins, 48 Westbourne Road, Penarth, Glamorgan. Phone : Penarth 1527. Grams : Penarth 1527 
Northern Counties : Fisher, Baxter & Co., 140 West George St., Glasgow, C.2. Phone: Douglas 1061-2-3. Grams : Fluorspar, Glasgow. 
Northern Ireland : General Engineering Products Ltd., 44-46 Waring Street, Belfast. Belfast Tel : 23743 
Eire or Southern Ireland : Charles Nolan & Co., 2 Parker Hill, L. Rathmines Road. Phone : Dublin 93510 Grams : Dublin 93510 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD. 
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WINDOW TANKS 


FOR 


DOUNREAY 


MANUFACTURED AND SUPPLIED BY 





of PORTSMOUTH 


Zinc bromide viewing tanks will be a 
prominent feature in the irradiated fuel 
element laboratory at Dounreay. These 
vital units represent our contribution 
towards the building of this new reactor. 

We are ideally equipped to assist in 
this new field of development, particularly 
in the manufacture of remote control 


equipment and special purpose machinery. 


Your enquiries will receive our prompt 
co-operation 


attention and fullest 





A.i.D. and 
A.R.B. Approved 








J. EVANS & SON (Portsmouth) Ltd 





Tel.: 

Marcyn Works, Goldsmith A 
Portsmouth , oeaseneure eee 
32233 





CORROSION AND WEAR 
HANDBOOK 


edited by D. J. de Paul 
sponsored by the United States Atomic Energy 
Commission 


This handbook covers problems resulting from the use 
of water as a heat transfer medium in a reactor plant. 
Much of the information given is also of general use to 
industry in applications not necessarily related to 
nuclear technology, such as iron-water reactions, boilers 
and other uses of very pure water. 

The book deals with three categories of information: 
Part A provides the reader with a general background, 
including discussions on the nuclear reactor plant and 
its relation to conventional power plants, considera- 
tions in choosing materials, fundamental aspects of 
corrosion and wear, and water technology. 

Part B supplies information on methods of testing and 
on the inherent corrosion and wear resistance of vari- 
ous materials and combinations of materials under 
different conditions. 

Part C deals primarily with special corrosion and 
wear problems resulting from particular engineering 
applications. These include discussions and detailed 
data on such items as crevice corrosion, stress corro- 
sion, intergranular corrosion, system corrosion deposits, 
wear, and manufacturing problems. 


304 pages 45s (postage extra) 


REACTOR SHIELDING 
DESIGN MANUAL 


edited by Theodore Rockwell 
sponsored by the United States Atomic Energy 
Commission 


“The methods and data published in this handbook 
were developed for the design and construction of the 
shielding required for the United States Naval Reactors 
Project, and the Pressurized Water Reactor Project. 
A score of workers from these projects have contri 
buted to the volume, but thoughtful editing has pro- 
duced a unified handbook—an extensive handbook of 
unclassified information.’ 

Professor Jack Diamond in Nuclear Physics 


‘The outstanding value of the Reactor Shielding Design 
Manual lies in the fact that it is the only book at 
present available which sets out to cover the prob- 
lems of designing the shielding for a full reactor 
power plant from begining to end.’ 

Times Review of Industry 


481 pages 43s (postage extra) 


obtainable from your bookseller or from 
McGraw-Hill Publishing Company Limited 
95 Farringdon Street ‘ London EC4 
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COMPLETE SYSTEM ENGINEERING 


. TURBINE AND GENERATOR 
REACTOR INSTRUMENTATION INSTRUMENTS = 







] 


Ws 


NSS {Q WW ~C~CwtrwCrowrwrwewes 


from a single sOUrce 


YW 


WWAz» 


- HEAT EXCHANGER 


_ INSTRUMENTATION BURST SLUG DETECTION 


PANELS AND INSTALLATIONS SAFETY CIRCUITS 


COMPLETE INSTRUMENTATION 
FOR NUCLEAR POWER STATIONS 


Elliott Brothers (London) Ltd. have supplied instrumentation to Calder Hall ‘A’ and ‘B’ 
Power Stations and to the research reactors of the U.K.A.E.A. In addition to the Company’s 
contribution to the C.E.A.’s programme, it has been entrusted with the development of 
control and safety systems for Britain’s first nuclear submarine, H.M.S. Dreadnought, 


and has supplied and installed all the instrumentation for the Zero Energy Experiment. 


ELLIOTT BROTHERS (LONDON) LIMITED, CENTURY WORKS, LEWISHAM, LONDON, S.E.13 °¢ TELEPHONE: TIDEWAY 1271 
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for the mest” 


MESSER comprehensive 


Eee NEM stack available 





BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 


“4 ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS 
TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 
® RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 
z PERFORATED SHEETS, STUDDING 
} 4 La] i T & SONS (CLERKENWELL) LTD. phone: CLE 1277 (14 lines) 
* 42/54, ST. JOHN’S SQUARE, CLERKENWELL, LONDON, E.C.! Screw Dept: CLE 0925 


BINDING [xine 





You often want to refer to 
NUCLEAR POWER... 


. . . these Easibinders will hold up to 
6 copies of NUCLEAR POWER (8 of Vol. 1) 
for quick and easy reference 


12 ‘6 each plus 1/6 postage and packing 


TO ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, WI 
Please supply Easibinders for NUCLEAR POWER (Vol. I / other Vols.) 
| NAME 


ADDRESS 





| PRICE 12/6 BINDER, | ENCLOSE 


AS4 





NUCLEAR POWER DECEMBER 1957 















































Ta ©®, 
a a ae CONFERENCE NOTES ee 
; ay Ajz B t Lz 
: +! 3" [0am : forsibte energy souvee 100,000 eowves (adio -cacsium) 
L=/ Heavy Wolev Reactey /10-intens [emws bl. fuvunp — Means 
67,560 Inu (¢) 
Walt 26428 Kuclepula 
Walliv 26429 Oe 
o|x| 
x} X 
° 0; Oo 
“s | E; 
eixie FIHOR 
UKA-E. A «(8 
| 25 % huwvenced prod. Utalepeg tabs | be4gatis 
WE mu POLYMERISATION ? Eee | 


Gas/liguid covted ready (Gaowme), ) 


373/71) 
guqse 








VP 


BE-Po/ 








eu 
yao '| see NEWALLS 


mw 235 ‘ ; 
“a 238 ea. how 
imNaMatnn 






































NEWALLS INSULATION CO. LTD., Head Office: WASHINGTON, CO. DURHAM, ENGLAND 
A member of ae TURNER & NEWALL ORGANISATION 


Agents and vendors in most markets abroad. 
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A NOTABLE ADDITION TO A FINE RANGE OF 
HEAVY-DUTY WINCHES 





An entirely new design to deal a 
withthe hoary WR ioelved pat = A 30-Ton Twin Drum 
in modern civil engineering. a 
= 
\ a ELECTRIC WINCH 
, ) 


Arranged in two sections, 





bolted in centre. When 
' separated, the rear part forms 
a complete 15-ton unit with 
motor, transmission and all 


controls. 


Each drum produces a line- 










Speed : : 
pull of 15-tons and each is 


of lift 16-ft. 
per minute capable of holding 2,500 feet 
per drum of 1}” dia. steel wire rope 


@ Constant control— 
forward and reverse 


Designed and built by 


_W. & E. MOORE LTD. 


13-31 Poplar High Street, London, E.14. East 2613-7; 4601-2 


@ Electro-magnetic and hand 
brakes 


@ Precision shafts and gearing 


@ Tested toa proof load of 37}-tons 





co, 


This illustration shows a 


- 
- 
rs 
2 
> 


storage installation for 150 tons 
of Liquid CO, at low pressure. 

Wesupplycomplete instal- 
lations including Vapourisers 
for large scale CO, discharge, 
automatic apparatus and con- 
trol instruments. 

We also supply liquid and 
solid CO, production plants 
from a variety of fuels or from 
by-product gases withcapacities 
of }-ton per day upwards with 
guaranteed purity of the CO, LLOY D & ROSS LTD 
produced. 58 Victoria Street, S.W.1. 


Telephone: Victoria 4873 
Cables: LOYDROS, LONDON 


Maschinenfabrik ESSLINGEN, Germany. 











AS6 NUCLEAR POWER DECEMBER 1957 













eneO 


“4 


ll 











Nw 
“GER RRA 
an 
patent cintiasetscastnniacsneniaets saber 
webaeerncecrtecssnsceeseo NTT 





i 
A PERSONAL MONITOR for indicating the mind 
i ih} 
integrated doses of Gamma and Hard X-ray { UF 
radiation received by an individual. j ? 
f ff 
The accumulated radiation exposure is determined “ / 
by holding the Dosimeter to the eye and viewing ef 


the position of an internal fibre on a graticule. 
The C.K. Dosimeter is conveniently carried in the 
pocket, and two ranges are available ; 0 to 0.5r and 


0 to 5r. 


For further particulars of this instrument please 


write to: 


CGINEMA-TELEVISION LIwMivreD 


A Company within the Rank Organisation Ltd 


WORSLEY BRIDGE ROAD, LONDON, S.E.26 


Telephone: HiTher Green 4600 
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RING PODGER 

SPANNERS 
A heavy duty tool supplied 
in all sizes to meet your require- 
ment: 


ARKE LIGHT OF THA > 


Heavy Duly 


Equip with KING DICK 
Precision-made under carefully con- 
trolled conditions, KING DICK 
Hand Tools set a superlative standard 
for Heavy Engineering work. 


 QPEN-ENDED PODGERS 


In B.S., B.S.W., American A/F 
and Unified Hex. sizes. 





SLOGGING RING 
SPANNERS 
Available in B.S. Whitworth, 
American A/F and Unified Hex. 
Sizes to suit all requirements. 





FLAT 7}° SLOGGING RING 

SPANNER 

In B.S., B.S.W., American A/F 
and Unified Hex. sizes. 

PODGER-ENDED SOLID 

BOX SPANNERS 

In B.S., B.S.W., American 

A/F and Unified Hex. sizes. 

HEAVY DUTY RING 

PANNERS 

A formidable tool when 

used in conjunction with 

our ar special tubular handles. 


Please send for fully illustrated cata- 
logue which will give you complete 
details of our range of hand tools. 


DOUBLE OFF-SET 
RING SPANNERS 
¢@ Forged in Chrome 
_Vanadium Steel to 
withstand the 
hardest work. 


‘nen = PRE 


UKING DICK ) €) ee 


HAND TOOLS 


BUY BRITISH! 













POWER 
OPERATED 
SOCKETS 


oo » 
For assembly lines, 


ABINGDON WORKS: TYSELEY “&% heb ennearing and Micycle 
BIRMINGHAM I! - ENGLAND Toot. to 8. o£, O°, U4". ond 2) 


paren 











Utilit 
GEIGER COUNTER 


A sensitive, versatile, personal monitor indicating the 
presence of gamma, hard beta and soft X-rays by 
visual and loudspeaker count. 
Made under licence from Price £10°0°0 
United Kingdom Set of batteries 
Atomic Energy Authority £2°15°3 extra* 
HALOGEN QUENCHED TUBE 
Effective length 11.8 cm 
BACKGROUND COUNT 90/MINUTE 
TRIPLE RATE NEON SCALER FLASH 
By switching through the ranges increasing radiation 
shows as a clearly discernible increase in the rate of 
flashing up to levels of 25,000 counts per minute with- 


out timing; stop watch comparisons of the time for 
10 flashes extending this to 35,000 or more. 


HIGH-IMPACT POLYSTYRENE CASE 
PULSE OUTPUT SOCKET FOR SCOPE, 
SCALER OR MINIATURE EARPIECE 
Insertion of Jack mutes crystal speaker. 
PULSE Iv, 16v or 50 volt. Rise time 5-10 microsec. 
INTERNATIONAL 30 VOLT BATTERIES 
Life under continuous day and night operation exceeds 
shelf life.* 
Radiation Monitors Limited, 
52 Tottenham Court Road, London, W.1. 


Telephone: MUSeum 4420 
Cables & Telegrams: Radiomon Wesphone, London. 





ass 
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POWER 
STATION 


The Unit Superheater and Pipe Co. Ltd., 
following initial contracts for reactor 
charge tubes for Calder Hall and 
Chapelcross power stations, has been 
entrusted by Whessoe Limited, member 
company of the Nuclear Power Plant Co., 
to produce the charge/discharge and 
control rod stand pipes for Bradwell 
Power Station. 


‘Unit’ has laid down a production line 
capable of achieving the precision 
assembly and high standard of welding 
to manufacture these tubes to the close 
tolerances required. The photographs 
show stages in welding using low 
hydrogen electrodes throughout. 

All welds are ground flush externally 
and the bores dressed smooth. In 
accordance with Lloyds’ requirements 
over 6,000 films will be needed to 
cover the radiographic examination of 
the welds. 


THE UNIT SUPERHEATER AND 


PIPE COMPANY LIMITED 
UNIT WORKS, SWANSEA. 


Telephone: Swansea 54091 (6 lines). 


Telegrams: ‘Superunits’, Swansea. Telex: 48-208. 


BRADWELL 











DRESSING 


RADIOGRAPHY 


UNIT 





AUTOMATIC 





COUNTING EQUIPMENT 
TYPE A-C 300'6 


Automatic Counting Equipment—Type A.C. 300/6, a fully automatic 
counting system for use with Geiger or Scintillation counters incorpor- 
ating a pre-amplifier, a Stabilised E.H.T. Supply variable over the 
range 0-2000 volts at 200 microamps and a discriminator, with the 
following ranges Negative 0-1-5 volts, Positive 1-0-S0 volts. The dis- 
criminator volts and the E.H.T. Volts are displayed on a 34” moving 
coil meter fitted with a mirror scale. Facilities are provided both for 
timing against pre-set count and for counting against pre-set time 
An overriding signal is provided to terminate the operation should 
either the time or count display be filled. The scaling circuits use plug- 
in dekatron units throughout, which are easily accessible from the front 
panel. The count channel has six decades, Its resolving time can be 
pre-set to 50, 250 or 800 microseconds, and the count pre-set to 10°, 
4x 10°, 10°, 4 x 10°, 10°, 4 x 10°, 10°, 4 x 10°, 10° counts. The time 
channel also has six decades. 100 c/s time signals are normally obtained 
~—_ the 50 c/s mains supply and the timing interval can be pre-set to 
10, 1,000, 4,000 or 10,000 seconds. The input resolving time of this 
. 2.3, is 50 microseconds and facilities are provided for operation 
a external timing pulses with a maximum repetition frequency of 
0 ke Ss, 
The instrument only requires the addition of a suitable radiation 
counter to form a complete automatic counting system. 





Details of all Panax productions are availatle on application to the manufccturers 


PANAX EQUIPMENT LTD., 


EXPORT MANAGERS: NUCLEAR RESEARCH APPLICATIONS LTD - EMEFCO HOUSE ~- 107 BELL STREET 





NE 006 
ION CHAMBER 
LINEAR RESPONSE j 
80 KEV—3 MEV 


A60 






Telephone 


173 London Road, Mitcham, Surrey. MiTcham 2006/7 


* REIGATE - SURREY 


THE UNSEEN COMPONENT 


IN OUR HEALTH PHYSICS INSTRUMENTATION IS 


EXPERIENCE 


FOR OVER THIRTY YEARS WE HAVE BEEN ENGAGED 
IN THE PROTECTION OF PERSONNEL AGAINST THE 
DANGERS OF X AND GAMMA RAYS, WHY NOT 


CONSULT 


GENERAL RADIOLOGICAL LIMITED 
NUCLEONIC DIVISION 


15, 18 CLIPSTONE STREET * LONDON «<- Wz.1 
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Under sub-contract to A. Reyrolle & Co. Ltd., 

Brookhirst motor starters are being supplied for vitally important 
plant at Bradwell, the nuclear power station being built by the 
Nuclear Power Plant Co. Ltd., for the Central Electricity Authority. 
Being chosen for this notable installation is yet another proof of 


/\ @pRNGFIELS Brookhirst leadership in motor control in the nuclear field. 







7-@ HURST As specialised sub-contractors 


CAPEN 
Brookhirst have also been called upon 
to supply very large quantities 
a ‘i of motor control gear for the 
: ‘ Bm United Kingdom Atomic Energy 
/ Authority’s establishments. 
EAY 
\ pOUNR 
. 
HALL 
CALDER ¥'g 
| 


pEL CROSS @ BROOKHIRST SWITCHGEAR LTD., NORTHGATE WORKS, CHESTER 


CHA 
\ A A METAL INDUSTRIES GROUP COMPANY CVS-58 


iss 
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Publishers: CISE 
Centro Informazioni 
Studi Esperienze 





Milano, via Serbelloni | 





Sole Agents for Great Britain : 
Subscriptions : Nuclear Power, Rowse Muir Publications Ltd. 3 Percy St., London, W 1 


Advertising: Butlers’ Advertising Service Ltd. 22 St. Giles High St., London, WC 2 





| Plead Ia Pe ee ee 





RADIO (DEVELOPMENTS) LTD. 


: Radio-active Dust Sampling 
; Equipment 

Developed in collaboration with 

: The U.K. Atomic Energy Authority, Harwell 





This group of instruments forms a universal dust, 
personnel, and area monitoring equipment for 
alpha, beta, or gamma contamination, Whilst the 
various units have been designed to work together 
as a whole, they may be used individually for 





general works or laboratory purposes. 


ee 





All Designers and Manufacturers of:- Logarithmic Ratemeters, Pulse Generators, Time-Base 
Equipment, X-ray Dose Meters, Linear Amplifiers, Quench Amplifiers, Gamma-Radiation Monitors 


* 
enquiries yy | os 
to: 4s seming emin CAXTON WAY, STEVENAGE, HERTS. (Stevenage 804) 
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Permanent 

or 

emergency 
shielding 
with 
UNIBRIZ£ 


(PATENTS APPLIED FOR) 


High density, precision made, fully interlocking, 
strong, rigid and water repellent. 


Very economical in cost, saves space. 


Easy to handle, permitting permanent or temporary 
shields to be quickly assembled either dry or 
cemented. 


Easy to rearrange or dismantle. 


\ 














al 
1. Standard chevron. + 
2. Half bricks. 3 hasic sha BS 
3. Coping bricks. 
4. Base bricks t 
in full and half brick sizes 
a 
Keep Handy Handy y Y ¢------------ 
UNIBRIX T ¢ A 
INTERLOCKING PORTABLE 4 4 --------- 
hgh Denaly BARYTES SHIELDING Bricks | ¢---------- “~ 





UNITED CHEMICALS (LONDON) LIMITED 
147, Victoria Street, London, S.W.I. Telephone: TATe Gallery 9121. Telex 22714. Cables: UNC, London. 
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indispensable to you. 


contents include... 


1 FOREWORD by Lord Mills, Minister of 
Power 


9 REVIEW ARTICLES Current trends in 
applied atomic energy reviewed authorita- 
tively by experts in twelve outstanding 
articles 


3 WORLD AUTHORITIES History, organ- 
ization and programme of 50 national and 
international atomic energy bodies 





4 TECHNICAL DATA Nuclear constants, 
fission data and other useful information 


E\YOU GOT YOUR COPY YET? 


This nuclear reference book has been 
acclaimed throughout the world as a MUST 
for all firms already in atomic energy, for 
all firms anxious to assess the great new 
potential markets opening up to them. In 
short, if atomic energy is or could be your 
business the Nuclear Power Year Book is 


ISOTOPES The most comprehensive table 
ever published, lists every known nuclide. 
Other articles cover whole field of isotope 
techniques 


COMPANY ADDRESSES Details of prac- 
tically every British firm working in nuclear 
energy 


BUYERS GUIDE Classified listing by pro- 
ducts of all that is manufactured by the 
British nuclear industry 


TRADE NAMES Products sold under 
registered titles 


WHO’S WHO Biographical details of the 
leading men in British nuclear energy 


OVER 500 PAGES 


PRICE United Kingdom £2.2.0 plus 1/- for postage and packing 


US and Canada $8 plus 50c 
other countries £3.3.0 plus 1/6 


ROWSE MUIR PUBLICATIONS LTD., 3 PERGY STREET, LONDON, W.1, MUS 8252 











at London Airport 


ARMOURED 





‘s te; 


wandleside 


revi Illustration shows ‘‘ CORRUSTEEL’’ Armoured 
Cable in the Main Feeder Trunking at London 


Airport’s new building. Electrical Contractors, 


adi ij adswort hh The L.E.B. Contracting Section, Chelsea Manor 


Street, S.W.3 
S.W.18 iS BRITISH w" 


WANDLESIDE CABLE WORKS LTD. * 106 GARRATT LANE * WANDSWORTH * LONDON - 
* MADE e 


Telephone : BATtersea 2273-4 
Telegrams : “* Wandleside, London” One of FALKS Group. 


LONDON OFFICE: 21 Fitzroy St., London, W.!. BCLFAST OFFICE: Dublin Rd., Belfast, N. Ireland. BRADFORD OFFICE: 19 Union St., Bradford, Yorks 
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POP PORNO POP OT 


What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, Industrial insurance consultant 


ONE ARUNDEL COURT JUBILEE PLACE LONDON ° Ss. 
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THE DAVISON VACUMETER SPUN CONCRETE LTD 


A Mercury Column Vacuum Gauge 


for accurately registering the absolute Suppliers to BRADWELL Nuclear Power Station 
pressure inside a Steam Condenser 








RYE HARBOUR 
SUSSEX 

Tel. : Rye 2362 
LICHFIELD ROAD 
BRANSTON 
STAFFS 


Tel. : Barton-u-Needwood 286 





Installed by The United Kingdom Atomic Energy 
"eee CENTRIFUGALLY SPUN PIPES and TUBES 
% In all Central Electrcity Authority Power 


Y Also manufacturers of 
Stations and in many others throughout the world. 








%* Also in Turbine-driven Steamships. MANHOLES, PIPE SPECIALS, LIGHTING 
DAVISON & CO. (HEXHAM) LTD. COLUMNS, TUBULAR PILES and ALL 
(ENGINEERS) FORMS OF PRECAST CONCRETE 
HEXHAM - ON - TYNE ENGLAND | Our Design Staff is at your service 
Telegrams: ** Davison, Hexham.”’ Telephone: Hexham 7 














a few SELECTED ITEMS from our 


Vast Stocks of Government Surplus SCINTILLATION PHOSPHORS 


Equipment introducing 

SENSITIVE SINGLE POLE CHANGE-OVER RELAY. PLASTIC PHOSPHOR NE 102 

2,000 ohm coil. Heavy duty contacts. Mounted on Our new plastic scintillator possesses extremely high light 

slate base 2}” x 24” x 4”. Made by Kurman of output (60/65% anthracene) and combines superior per- 

U.S.A. 15/- Post Paid. é formance with greatest economy. Available in any shape up 
to 400 Ib. mass or in thin sheets for alpha and beta ray 

MERCURY SWITCH Multi-purpose glass element. counting (bulletin 11). 

Fast break, slow make, with flying leads. 10/- Post BORON POLYESTER PLASTIC SCINTILLATOR 

Paid. 


| NE 400 and NE 401 

DESYNN type REMOTE INDICATING SYSTEM. This new composition in the form of thin discs of various 
This comprises a transmitting unit and indicator which diameters, gives excellent efficiency for neutron counting 

will operate on 12 or 24V. DC and will indicate combined with remarkable neutron to gamma _ response 


with instantaneous and smooth pointer movement. ratios (bulletin 13). 

The transmitter is a specially designed potentio- Available with enriched boron (NE 401). 
meter and will operate the receiver on a simple three 

wire system and the receiver dial needs recalibrating OTHER NEW PRODUCTS 


to read 360 deg. 17/6 Post Paid. @ Loaded liquid scintillators in bulk or encapsulated. containing Pb, 


Gd, B. or Cd, and scintillation gels for efficient internal counting 
TIME SWITCH (Ex Naval Mine). of suspended materials (bulletins 9 and 9A). 
Precision clockwork mechanism automatically wound e She ke P oe techowe ley T.P.B. p-terphenyl, PPO, 
by 4 to 6 volt solenoid. The time switch can be set oe poringd . 
for any period between 15 minutes and 44 days. This @ Light pipes of polyvinyltoluene and polystyrene. 
robust unit is housed in strong bakelite case 4” in @ Non-blocking double-line linear pulse amplifier NE 5202 ( Fairstein 
dia. Each Unit checked before despatch. 17/6 each worl. 
Post Paid. 


BULLETIN 12 GIVES COMPLETE TABLE OF PHYSICAL CONSTANTS 
OF THESE AND OTHER SCINTILLATORS 


3” MAGSLIP TRANSMITTERS. 
50 volt 50 cycle operation. New condition. 35/- each N U Cc L E A R E N T E R P R I Ss E Ss 














Post Paid. (G.B.) LIMITED 
Your Enquiries are invited. Bankhead Medway, Sighthill, Edinburgh I1, Scotland 
PROOPS BROS. LTD., 52 Tottenham Court Road, Rae Sa 
LONDON, W.1I. Associate Company : 
Tel.: LANgham O14! Dept. /B Nuclear Enterprises Ltd., 1750 Pembina Highway, Winnipeg, Canada 
ass 
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Read all about 
Molybdenised Lubricants 
in this FREE BOOK 







The most comprehensive 











treatise on Molybdenum 
Disulphide Lubrication 

yet published, this book 
can be of great value 


to you, 


Zee ROCOL LTD 






IBEX HOUSE, MINORIES, LONDON, E.C.3. Telephone: ROYal 4372 


ROCOL HOUSE, SWILLINGTON, Nr. LEEDS Telephone: Garforth 2261/2 





n.d.h. 3287/A 
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Designed to Customers Requirements 


orifice 0.04 in. upwards 
* 
any pressure 
* 
normally open, normally closed, 
or three-way 
* 
direct acting or relay acting 
* 
any liquid or gas 
* 
up to 300° C. 
* 
standard, flameproof or intrinsically safe 


Write for catalogue 





LECTRO- “@ 
YDRAULICS LTD 


WA R R l N G TO N Phone: Warrington 35241 








on site 


mobile teams and equipment providing 
metal polishing 
welding — metal spraying 


shot blasting services 





Enquiries invited for Atomic Energy Development Sites 


send for brochure to: 


STAINLESS EQUIPMENT CO. 
(METAL FINISHERS ) LTD 
72, De Beauvoir Crescent 


LONDON, N.1. 


(M.O.S. approved) Telephone: Clissold 4141, Bishopsgate 0707 








HIGH-PRECISION MACHINE -TOOLS 


TOOLROOM-RESEARCH 
PRODUCTION 






We specialise in Con- 
tinental High-Precision 
Machine-Tools and 
Measuring Equipment. 
Built by Swiss Craftsmen 
to the highest standards, 


our wide range covers:— 


* Lathes 

Milling Machines 
Drilling Machines 
Grinders 
Jig-Borers, etc. 


+ + + 


May we invite your enquiries ? 





machine 
equipment 
QTM jimited 


wut 








4 GRANGE ST. ST. ALBANS, HERTS - Tel: ST. ALBANS 56731/2 


Specify 
FRASER 
BOILERS 


Whatever the purpose 


if small capacities and lower pressures are 
required, specify the ‘* Fraser-Culmen "’ 
Vertical Boiler. (illustrated on right.) 





For low pressure Steam or Hot 
Water Boilers specify the ‘‘Fraser 
Radiant Heat’’ Boiler. Capacities 
up to 5 millions 
B.Th.U. per hour. 
(Illustrated below.) 









“f pressures up to 500 Ib. p.s.i. and , * 
capacities up to 10,000 Ib. of steam ~ 
per hour are required, specify the D 


“*Fraser’’ Water Tube Boiler. 
(‘Hustrated above.) 


Illustrated details sent on request 


Makers also of Class 2 
Welded Pressure Vessels 


FRASER & FRASER LTD. @° 
BROMLEY-BY-BOW LONDON, E.3 j ‘ ' 


Phone: ADVance 3266-9 4 
Grams: Pressure Easphone London ' 
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SERVICE FOR 
NUCLEAR ENGINEERING 


|METAL WORK | | 
tries, we now offer our ser- seca cain 4 
vices to those engaged in 
Nuclear Power projects. ; PRO J  @ ) ¥ ¥ PES 
We are already well known : 


to many advertisers in this 
PRODUCTION 





A.... many years of service 
in metal-work design and 


publication and we are also 
at present engaged on im- 
portant contracts for the 
UKAEA. 


May we help in your 

Nuclear Power problems ? 

E. G. BROWN & CO. LTD. 
(SHEET METAL ENGINEERS) 


WEST RD., TOTTENHAM, N.17 | 
Telephone: TOTtenham 2257/8/9 








Contractors to the Admiralty 
and Central Electricity 
Authority for over 25 years. 
Now fabricating mild steel 
cylinders for Bradwell Nuclear 
Power Station 7’ 6” internal dia- 
meter x }” thick tolerance on 
diameter plus or minus §”. Cut 
oblique each end off centres. 


Weight approx. 6 tons each. 





View of Plate Shop, Bridge Works, Wickford. 


EDWARD FARR LIMITED 


METAL PLATE WORKERS & ENGINEERS 
BRIDGE WORKS, WICKFORD, ESSEX. Telephone: Wickford 2380 
Reg. Office. NAPIER WORKS, LONDON, E.6. Telephone: Grangewood 3431/3 
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Reliable points of contact 






need 
Butting Connectors, 
or 
Plugs and Sockets. ee 


M B METALS trp 


A full range of R.C.S. plugs and 
sockets are manufactured by us. 
Send for catalogue No. B.C.I. 





Telephone: Hove 48623-4 


VALE WORKS, VALE ROAD, PORTSLADE, SUSSEX 





STEEL FABRICATING 


AND 


MACHINING SPECIALISTS 


LLOYD’S CLASS II FUSION WELDED VESSELS 
CONTRACT GUILLOTINING—96” x 
HYDRAULIC FORMING & BENDING—150 TONS 
PLATE ROLLING—120” ~ 
PROFILE CUTTING UP TO 6” THICK 
ARC & GAS WELDING 
2 
MACHINING CAPACITY 
UP TO 86” DIAMETER & 144” LENGTH 
* 
OIL, WATER & ACID STORAGE TANKS 
Ex-Works & Fabricated on Site 
& 

EXPERIMENTAL & RESEARCH CHAMBERS 
VACUUM VESSELS, PROCESSING & STORAGE 
TANKS, DUCTING, PIPEWORK 
CHIMNEYS, HANDLING EQUIPMENT 
HEAT EXCHANGERS & STRUCTURES 


* 
Enquiries invited 


Kell Cc 


EMPIRE WKS., RICHMOND ROAD 
KINGSTON-ON-THAMES 
Phone Kingston 6820 & 6272 
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Lit ~ hee P.53C 


MINIATURE 










In dust-proof heavy gauge anodised 
aluminium can mounted on BIA 
base for plugging in. 
(P53 original open non-plugging 
version still available.) 
PS3C BIASSED TO EITHER SIDE 
P57C/CS CENTRE STABLE 

AL YPES FITTED WITH 
PLATINUM CONTACTS WHERE SPECIFIED 


Pa a a ee ae ee ee ee a ee ee ee ae 


Data A Sensitivity of 25 milli-watts 
and capable of handling mains voltage on 
the contacts with alternating currents up 
to 0.25 amps. Being polarised they have 
the advantage that the armature contact 
on P53 and P53C models can be biassed to 
lock in either direction by suitable 
adjustment of the contact screws which 
provides a useful facility where pulse 


Actual 
Size 


POST OFFICE 
TYPES 
3,000 & 600 RELAYS 
TO SPECIFICATION 
Tropicalising, impregnating 
and Services jungle finish if 
required. Delivery 3-4 wee!:3. 


operation is required. Speed of operat- 
ion is high and the Relay will follow 
frequencies appreciably higher than 
50 c.p.s. Resistance up to 7,000 ohms 
which is acceptable for Anode circuits. 
Alternatives to specification if required. 
Sole Concessionnaires. 





Manufacture H M. Govt Deprs 


SIMMONDS LTD. 


) re oe 
5 BYRON HARROW 


ROAD os ne On OM. 


MRELAY HARR 





Portrait 
of 
a Welder... 


At least, that’s how Dad sees 
him, because Dad’s a welder 
himself and wants young 
John to follow that craft 
when he grows up. 

So though he doesn’t re- 
alise it now, young John is 
on to a good thing. He Il get 
the benefit of Dad's experi- 
ence. And one thing he’s 
sure to be told is to use S.I.F. 
products in every welding 
job he does. “‘ There’s noth- 
ing to beat em,” says Dad. 
“There’s thirty-one differ- 
ent rods in the S.I.F. range 
and each one is a winner.” 


You can find out about the 
S.LF. range by writing to 


SUFFOLK IRON FOUNDRY (1920) LTD. 
STOWMARKET, SUFFOLK. 
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FOR 
RADIATION 


| RESEARCH 
ON 


chemical syntheses; polymerisation 
of gaseous liquid and solid 
monomers; graft polymerisation; 
modification of catalysts; vulcanis- 
ation; printing of polyethylene 
and P.V.C.; treatment of waste 
products; surface modification of 
fibres; pretreatment of cellulose; 


A fully shielded, self-contained 


research unit for up to 500 curies 
Co60. These units can be designed 
for up to 10,000 curies and 
require no additional shielding. 


Facilities are provided for re- 
search under variable conditions 
of temperature [e.g. -180° to 
400°C], pressure [vacuum to 
several atmos.] and atmosphere. 


pharmaceuticals; — halogenation; At full load no external 
food products; biological matter, ae 
pores radiation measurable at 10 cms. 





For full details write 


NUCLEAR ENGINEERING LIMITED 


GREENWICH METAL WORKS - LONDON - S.E.7_ + Telephone : GREenwich 3232 


DESIGNERS & MANUFACTURERS OF RADIATION EQUIPMENT SINCE 1950 














are publications 














a problem? 








l RWI we T E Cc H i ICA i act as professional consultants to the 


engineering industry in all matters concerned with technical publications. 
Every facility is available for the authorship and illustration needed by 
organisations engaged in the manufacture of mechanical and electronic 
equipment. 











LEAFLETS FILM STRIPS | ILLUSTRATION 
| MANUALS DATA SHEETS DISPLAYS PHOTOGRAPHY 



































IRWIN TECHNICAL LIMITED . 8 BREAMS BUILDINGS . LONDON €E.C.4. 
Contractors to H.M. Government ELECTRONICS DIVISION: 6 WARWICK COURT Tel. HOLborn 4234-5-6 
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SCGINTILLATORS 





Anthracene and Stilbene in discs and cylinders. 
Naton 11—a new, high efficiency, glass clear 
scintillator. 
N. 11 - X ray—a new, high efficiency, X ray 
scintillator. 
Bottled or encapsulated ready for use. 
or in “‘Scintipaks”—ready mixed for making up as 
gy required. 
gy internationally Recognised 
8 cay Clttage abe the Meunetey Highest scintillation quality for experimental work. 
gy recognised method of coupling high press- 
g ure pipe lines. Enormous numbers are in 
use throughout the world. ‘ 
gy Supplied in mild steel, stainless steel, WRITE FOR FULL DETAILS TO 
gy brass, bronze and aluminium for all pipe 
sizes, standard and non-standard up to 
me Nash and Th 
A wide range of valves a!so available. as an Ompson 
ER M ETD Catalogues on request. Limited 
gy BRITISH ERMETO CORPORATION LTD . 7 aaa , 
Pe ann CERNE SARGNATR Hina OAKCROFT ROAD, CHESSINGTON, SURREY, ENGLAND. 
MAIDENHEAL . “ ” . 
' Tel nell 2971-4 Telephone : Elmbridge 5252 Pbx. Cables “‘Nashton”’ Chessington. 
WHG/NTS7 















or oe 

Cay 

Tubular 
products 

in mild and 
stainless steels, 


‘O 


sieving with 






aluminium 
copper and 
copper alloys. 


% Ask for data 
Sheet NP/57 


ENSURE ACCURATE AND SPEEDY SEPARATION 
Standard Test Sieves to B.S.410:43 and U.S. Bureau of 
Standard (A.S.T.M.EIl) down to No. 400 (37 microns). 


MUNRO & MILLER-LTD “Endrock” Test Sieve Shakers 


AFRICA HOUSE, KINGSWAY, LONDON, W.C.2 a 
HOLBORN 5572 TUBECRAFT” LONDON 251 Kingston Road, London, S.W.19 LiBerty 8121/2 
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VARATIO & STRATELINE GEARS 





VARATIO 


Variable Speed Gearboxes 


‘e é 3 
ne ee ne 


\ 0 9 0° , 
(p ad aig Ry rT 











The 
Positive STRATELINE 
AS Answer Fixed Reduction Speed Reducers 
rk. $ H.P. to 25 H.P. 





Robust Construction No Friction Drives 
Positive Drive — Up to 26 Speed Changes 
Gear change under load without clutch 












We shall be pleased to supply 


’ . ‘ Torque range 
Full Details on Application = ti ti 
48,000 Ibs. ins. 
Exact ratios 
to suit your re- 


NON-STANDARD UNITS PRODUCED TO INDIVIDUAL REQUIREMENTS 


quirements be- 


D. VARATIO-STRATELINE GEARS LTD., “ae 


on. Motorised with any make or type of Motor or Non-Motorised. 


278 Aberdeen Avenue, Trading Estate, Slough, Bucks Positive drive in either direction. Reductions up 1,000,000 to | 
Telephone: SLOUGH 20271/2 Telegrams: VARATIO, SLOUGH obtained in increditly small space. 


Pe 











STANDARD ISOTOPE CONTAINERS 


SPECIAL CONTAINERS TO 
YOUR OWN DESIGN 


HIGH INTENSITY CONTAINERS AND 
OTHER LEAD HOUSINGS 


INTERLOCKING LEAD BRICKS 
OF ALL SIZES & SPECIALS 


ROUND AND SQUARE LEAD CASTLES 
SHIELDING SPHERE UNITS 
TONG HANDLES 18”, 24” & 36” LONG 
Shielding Sphere Unit showing Tong Handle in position; 


Tong Handles ; Rectangular Radium Carrier Box. RECTANGULAR RADIUM 
CARRIER BOXES 






LONDON OFFICE : WORKS: 
25 HIGH ST., MERTON, 


174 LONDON ROAD, 
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SITUATIONS VACANT 





F.LECTRONIC ENGINEER with good 

qualifications urgently required for 
interesting and progressive position on 
Maintenance and Development at our 
Laboratories. The work is varied and will 
include service of electron microscopes 
and development of new circuits, main- 
tenance of telecommunications and 
printer equipment, oscillographs, and de- 
velopment of circuiiry for measurements 
on pulses. Must be of good personality. 


Five-day week. Superannuation scheme. 


Good starting salary for the right man. 
Apply W. WYKEHAM & CO. LTD., 
17-19 Cockspur Street, London, S.W.1. 





REACTOR OPERATING 
TECHNICIANS 
required at the 
ATOMIC ENERGY RESEARCH 
ESTABLISHMENT, HARWELL, 


to assist an Engineer Control 
Officer in operating reactors and 
associated experimental equip- 
ment on shift. Apprenticeship or 
equivalent training and experi- 
ence of operating or maintaining 
power or chemical plants, or of 
process control and industrial in- 
strumentation required. 


SALARY: £875—£1,050 
(Tech II). 
Housing, superannuation and 


excellent conditions. 


Send POST CARD for applica- 
tion form and _ details to 


RECRUITMENT (920Y/215), 
AE R.E., Harwell, Didcot, 
Berks. 





(PPORTUNITY on the Sales side of 

the rapidly expanding Electronics 
Industry for progressive man with some 
knowledge of Physics or Chemistry. After 
a period of training applicants will be 
employed to contact Hospitals, Univer- 
sities, Research Laboratories and Indus- 
trial concerns to discuss electronic appli- 
cations. The post will have the backing 
of widely experienced technical staff. 


Applicants should have good personality 
and address. Write, giving details of 
education, experience, age and salary re- 
quired, to Ekco’ Electronics Ltd.. 
Southend-on-Sea. 


AT7é 


DEVELOPMENT ENGINEER, Physi- 

cist, Mathematician, or Engineer re- 
quired by a small company, to develop 
scientific instruments applicable to re- 
search and industry. The successful ap- 
plicant, who will work only under 
general guidance, should have a degree. 
and a broad interest in the application of 
instrumentation rather than the desire 
to specialise in one particular field. 


Starting salary will be commensurate 
with age, qualifications, and experience. 


Please send full details to The Personnel 
Manager, THE INFRA RED _ DE- 
VELOPMENT COMPANY LIMITED. 
40 Tewin Road, Welwyn Garden City, 
Hertfordshire. 





THE GENERAL ELECTRIC 
COMPANY LIMITED, 
Witton, Birmingham, 6, 

requires 


A YOUNG ENGINEER with 
a degree or Higher National 
Certificate with endorsements 
for the design and application 
of protective gear and control 
relays. 


Applicants should have experi- 
ence of this class of work, or at 
least a sound knowledge of 
switch and control gear. 


Please write with full details of 
qualifications and experience to 


THE STAFF MANAGER 





TECHNICAL SALES REPRESENTA- 

TIVE to promote sales of Nucleonic 
and Electronic instruments to industry, 
hospitals and _ universities. A sound 
engineering background and established 
contacts essential. Applicants should also 
have a good personality and address. 


Salary offered will be in the range £700 
~—£850. Car supplied, expenses, pension 
scheme. Write giving full details and 
qualifications: J. F. Hendrie, Nucleonic 
and Electronic Department, Dynatron 
Radio Limited, Castle Hill, Maidenhead, 
Berks. 


NEW OPPORTUNITIES 
in 
ATOMIC ENERGY 

The Research and Development 
Branch of the Industrial Group 
of the United Kingdom Atomic 
Energy Authority requires 

METALLURGISTS 

PHYSICISTS 

ENGINEERS 

CHEMICAL ENGINEERS and 

MATHEMATICIANS 


to fill posts with salaries up to 
£2,080 per annum. 


Most of these new posts are in 
laboratories now being com- 
pleted at Dounreay (Caithness) 
on the site of the “fast breeder” 
reactor and a high flux materi- 
als testing reactor. They in- 
volve work on original pro- 
blems in metallurgy, nuclear 
and general physics, chemical 
engineering and_ engineering 
processes. There are also new 
posts at Capenhurst (Cheshire), 
Culcheth and Risley (South 
Lancashire), Springfields (West 
Lancashire) and Windscale 
(Cumberland). 


A good honours degree or cor- 
porate membership or a senior 
professional institution is neces- 
sary for the more senior posts. 


There are also vacancies in the 
supporting grades for staff with 
lesser qualifications. 


Salaries will be assessed accord- 
ing to qualifications, age and 
experience. 


All posts are superannuable. 


Houses will be available in 
many cases within a reasonable 
time. 


Send postcard for further in- 
formation to the Recruitment 
Officer, U.K.A.E.A., Industrial 
Group Headquarters, Risley, 
Warrington, Lancashire, stating 
type of work and quoting refer- 
ence 2149. 


Closing Date: 
9 December, 1957. 
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PLESSEY NUCLEONICS LTD. have 
a vacancy for a PHYSICIST to carry 
out original work on radiation detec- 
tion devices. Applicants should possess 
a degree in Physics and could have an 
interest in mathematical physics. Alter- 
natively, an interest in the application 
of electronics to reactor instrumentation 
and control or in the field of reactor 
physics would be desirable. 
A generous salary will be offered, based 
upon qualifications and previous experi- 
ence. Please write in confidence, giving 
full details, to The Chief Engineer, 
Plessey Nucleonics Ltd, Weedon Road, 
Northampton. 





MULLARD LIMITED require a Tech- 

nical Commercial Engineer to speci- 
alize in instrumentation for nuclear and 
allied fields. Initially the work will in- 
clude liaison with user laboratories, 
formulation of development specifications 
and new product evaluation. The work 
covers a new field c. activity and offers 
excellent opportunities to the right man. 


Apply to the Personnel Officer, Mullard 
House, Torrington Piace, London, WC1. 





A E.1.-JOHN THOMPSON NUCLEAR 
* ENERGY CO LIMITED, Rad- 
broke Hall, Knutsford, Cheshire. 


SENIOR ENGINEER. A vacancy exists 
for an Engineer experienced in Power 
station design and construction, with par- 
ticular reference to the technical co- 
ordination of complete projects. He will 
be required to take charge of independent 
design office staffs either in this country 
or overseas. A knowledge of construc- 
tion planning is essential. 


The Company is prepared to assist with 
house purchase where necessary. A con- 
tributory pension scheme is in operation. 
Applications giving details of age, ex- 
perience and qualifications, which will be 
treated in strict confidence, should be 
addressed to the Chief Engineer, quoting 
reference “ J.R.M.S.”. 


GERVICE ENGINEER required to ser- 

vice Nucleonic and Electronic in- 
struments. Previous experience on Scaler, 
Analyser and Pulse Generator instru- 
ments would be an advantage. Oppor- 
tunity may arise in the future to work 
on the development of instruments. Can- 
teen facilities available and pension 
scheme in operation. Write giving full 
details and qualifications: J. F. Hendrie, 
Nucleonic and Electronic Department, 
Dynatron Radio Limited, Castle Hill. 
Maidenhead, Berks. 





FOSTER WHEELER 
LIMITED 
require 
SENIOR DRAUGHTSMEN 


for work in London on an 
Admiralty Nuclear Propulsion 
contract. Men having experi- 
ence in the following fields 
would be preferred :—Pressure 
vessel design; Plant layout; 
High-pressure systems; Steam 
Generating Plant. Applicants 
should possess O.N.C. but pre- 
ference would be given to those 
with H.N.C. The remuneration 
would be generous and appro- 
priate to the applicant’s capa- 
bilities. Staff Pension Scheme is 
operated, Apply in writing, stat- 
ing age, qualifications and ex- 
perience, to: — 


Staff Manager (NP), 
Foster Wheeler House, 
3 Ixworth Place, 


London, S.W.3. 





SUB-CONTRACTING 





(CAPACITY AVAILABLE for Plate and 

Sheet Metal Fabrication, General 
Machining and Erection, Special Machines 
and Prototypes to Customers’ designs. 
Hobbs, Hart and Co Ltd (Telephone 
Leytonstone 1034). 


GECTIONAL BUILDINGS _ recondi- 

tioned and guaranteed, for site huts, 
accommodation, storage, etc. Smith Sec- 
tions, Maud’s Elm, Cheltenham. Tele- 
phone 56016. 


AST F.D.P. STAINLESS STEEL, 

GLOBE GATE & CHECK VALVES 
600 Ib. WP., flanged ends. Full particulars 
upon application. Write to Foster 
Wheeler Ltd., Foster Wheeler House, 5 
Ixworth Place, London, S.W.5. 


J NTRICATE PROTOTYPE WORK, 

jig boring, grinding, etc. Quick de- 
livery, A.I.D. Write for plant list, Porter 
Prototype Engineering Co., Augusta St.. 
Birmingham, 18. 





PUBLICATIONS 





SERVICING LITERATURE. _Indus- 

trial Handbooks Ltd write, illustrate 
and publish manuals and parts lists for 
nuclear components and systems. Rapier 
House, Turnmill Street, London, E.C.1. 
Clerkenwell 0548. 


THE NUCLEAR POWER YEAR 

BOOK and BUYERS GUIDE — 
the indispensable reference work — is 
now available. Copies can be ordered, 
U.K.: price 42/- plus 1/- postage and 
packing. Overseas: price 63/- plus 1/6 
postage and packing. US, Canada: price 
$8 plus 50c postage and packing, from 
Rowse Muir Publications Ltd, 3 Percy 
Street, London, W1 


FEXTRA COPIES of DATA SHEETS 

and REACTOR DRAWINGS pub- 
lished in NUCLEAR POWER can be 
obtained price 6d. each and reprints of 
the large full colour (36” X 24”) Berkeley, 
Bradwell, Dounreay and RWE Supple- 
ments, 2/- each post free from Rowse 
Muir Publications Ltd, 3 Percy Street, 
London, W1. 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 


PROFILES CUT TO ANY THICKNESS OR SIZE 
CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 





Farfac Works, Kings Grove, MAIDENHEAD.  ’phone 1522/23. 
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A Power Station 
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former 


MOTORS 
A 1,375 hp boiler 


feed pump motor 
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390 hp vertical 
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cage motor 
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IN POWER STATIONS, as in every sphere 


of industry, the results of Metropolitan Vickers research, SWITCHGEAR 
° . . a i 33 kv, 250 MVA 
enterprise, and experience are clearly evident. Many ad- — + ¢ 
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vances in the design of equipment for power stations owe Atl 7 
their origin to this great organisation. 
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This 7-ton Glandless Circulating Pump is one of several specially : : 
designed by Hayward Tyler for the Central Electricity Authority's 4 
new base load power station at High Marnham. Each motor pump . 
unit is of 240 B.H.P. and operates at a design system pressure of 


2650 P.S.1.G. The pump units are being supplied through Inter- 
national Combustion Ltd., of Derby 


HAYWARD TYLER 


& CO. LTD., LUTON, ENGLAND. LUTON 6820 


LONDON OFFICE, SALISBURY HOUSE, FINSBURY CIRCUS NATional 9306 











